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ABSTRACT
In Atlantic Canada fishing has been an essential provider of food and
employment for centuries. The development of engine power and mOfe efficient
fishing techniques made it possible to fish in previously inaccessible areas and to
improve harvest levels, leading 10 destructive effects on the marine ecosystem.
Overexploitation. bycalch and subsequent discards are the side effects of fishing
on the ecosystem. These combined with ghost fishing have all led to depletion of
fish stocks and destruction of fish habitat. Recently there have been attempts to
reverse this damage to the marine environment and to prevent further
destruction. There have been many influences on these attempts to develop
environmentally friendly harvesting techniques. Environmental groups. the
media. the general public, markets. fish harvesters and governments have all
played a role in responsible harvesting developments. Fishing gear modifications
have led to improved gear selectivity and a reduction in damage to the seabed.
Efforts have been made to retrieve lost fishing gear and to prevent the loss of
gear in the future. Regulations have been put in place to ensure that responsible
harvesting techniques are used and that mistakes from the fishery of the past are
not repeated. Despite the initial costs associated with improving fishing gear, the
benefits far outweigh the costs, improving the quality and landed value of catches
as well as ensuring a sustainable fishery for future generations.
ACKNOWLEDGEMENTS
Throughout the writing of this manuscript there were a number of individuals who
provided me with guidance, support. advice and motivation. Without their
contributions I would have had great difficulty overcoming the obstacles I
encountered while writing.
I must thank Dr. Pinnguo He of the Centre for Sustainable Aquatic Resources at
the Marine Institute. His expertise on the subject of conservation harvesting
provided me with the information and advice required to complete my work. I am
grateful 10 him for his comments and suggestions that contributed to this final
document.
Fellow students in the department were also of tremendous help 10 me, in
particular Roy Gibbons, Tom Brown, Noel Milley and Sam Azizan. all of whom
shared their knowledge of fisheries with me and engaged in various discussions
on fisheries issues.
For much of my research I turned to the Department of Fisheries and Oceans for
knowledge and expertise. Gerry Brothers. Bill Hickey and Steve Walsh were
especially helpful in enlightening me on the subject of conservation harvesting in
Atlantic Canada, and in guiding me to other sources of information.
iii
My friends and colleagues at Fishery ProduC1s International provided me with
encouragement for which I am truly thankful and. in particular. I thank David
Foster for teaching me a great deal about conservation harvesting and its vital
role in commercial fisheries.
I cannot express enough how grateful I am to my parents who have been behind
me in everything I have taken on. Their love and support were with me
throughout the duration of my Masters' program and I know it wiff continue as I
take on other challenges. lowe them my deepest gratitude and love.
Finally, I must thank Geoff. His understanding of the difficulties faced during post-
graduate study helped to see me through my writing. His strong work ethic and
persistence in everything he does provided me with the motivation I needed to
complete this worX. I am thankful for his love and companionship and I only hope
that I can provide him with the same in his future endeavors.
TABLE OF CONTENTS
Abstract
Acknowledgements
Table of Contents
List of Tables and Figures
list of Abbreviations
1. Introduction
vii
2. Evolution of Fishing in Atlantic Canada 6
2.1. Evolution of Fishing Gear 6
2.2. Fisheries Management in Atlantic Canada 16
3. Some Major Effects of Fishing 18
3.1. Bycatch and Discards 21
3.1.3. Extent of Bycatch Problems 22
3.1.b. Fishing Gear Causing Bycatch Problems 26
3.2. Ecosystem Effects 30
3.2.3. The Extent of Ecosystem Effects Due to Fishing 30
3.2.b. Fishing Gear Responsible for Ecosystem Effects 32
3.3. Ghost Fishing 38
3.3.3. The Extent of Ghost Fishing in Atlantic Canada 39
3.3.b. Ghost Fishing Gear 40
4. Responses 10 Fishing Effects 44
4.1. Environmental Groups and Other
Non-Governmental Organizations 45
4.2. Media 47
4.3. Public Concerns 53
4.4. Maric:els and Eco-labels 54
4.5. Fish Harvesters 58
4.6. Government 62
4.7. Interactions Among Stakeholders and Others
Influencing Fisheries 67
5. Development of Conservation Harvesting 69
5.1. Gear Selectivity 69
5.2. Reducing Impacts on the Seabed and
Related Ecosystem Effects 82
5.3. Lost Gear Retrieval and Ghost Fishing Prevention 87
5.4. Policy Implementation 93
6. Costs and Benefits Associated with Conservation HaNesting 95
7. Conclusion 98
8. Recommendations 100
9. References 105
UST OF TABLES AND FIGURES
~
Table 1: Major species harvested in Atlantic Canada, areas
fished and gear types used 14
Table 2: Range of survival rates reported for fish escaping
from various trawls 20
Table 3: Discard weight by major world regions 23
~
Figure 1: Hook and line gear
Figure 2: Cod trap
Figure 3: Otter trawl
Figure 4: Glllnets '3
Figure 5: Mud clouds created by otter doors 33
Figure 6: Scallop dredge 36
Figure 7: Retrieved ghost net containing living and dead
marine organisms 41
Figure 8: Sketch of a traditional Newfoundland snow crab pot 43
Figure 9: Determining factors in conservation harvesting 68
Figure 10: Nordm0re grate 7'
Figure 11: Multi.grid shrimp size·sorting system 72
vii
Figure 12: Lastridge ropes in a codend 76
Figure 13: Mesh shape affects escapement of different body shapes 77
Figure 14· Change in shape of galvanic time release
devices with increasing corrosion
Figure 15: Atlantic Canadian shrimp values
92
97
AFAP
CAFID
CASEC
CCPFH
DFA
DFO
FAO
FPI
FRCC
ICES
ICNAF
MPA
MSC
NAFO
NGO
NMFS
OMS
QFFDP
TAC
UST OF ABBREVIATIONS
Atlantic Fisheries Adjustment Program
Cooperation Agreement on Fishing Industry Development
Cooperation Agreement for Salmonid
Enhancement/Conservation
Canadian Council of Professional Fish Harvesters
Department of Fisheries and Aquaculture
Department of Fisheries and Oceans
Food and Agricultural Organization of the United Nations
Fishery Products International
Fisheries Resource Conservation Council
International Council for the Exploration of the Sea
International Commission for the
Northwest Atlantic Fisheries
Marine Protected Area
Marine Stewardship Council
Northwest Atlantic Fisheries Organization
Non-Govemmental Organization
National Marine Fisheries Service (Uniled States)
Ocean Management Strategy
Quebec Federal Fisheries Development Program
Total Allowable Catch
1.INTROOUCTION
Fisheries throughout the wor1d have played a vital role in providing food and
employment fO( hundreds of generations. Billions of people depend on seafood
as an important source of protein and other nutrients. In fact. fish and shellfish
together make up the single largest source of animal protein in the world (Weber.
1994). If humans could nol access marine resources the land area required to
support the animal life needed 10 provide an equivalent amount of protein would
exceed the space available (Mathews-Amos. 1997). Consequently it is necessary
that fish be harvested from the sea 10 sustain human life as well as 10 provide
employment.
Originally fisheries were of a subsistence nature. providing food for families and
communities on islands and in coastal regions. The operations were simple. A
fisherman would sail a shon distance in a small boat to catch the fish needed for
the day and return before nightfall. However. as time passed and developments
took place more advanced fishing techniques evolved. Trawls and complex traps
were developed to make it easier to catch the fish. Eventually crews of fishermen
could leave for days or weeks in larger vessels to harvest greater amounts of
fish. As rang as there was a method to preserve the fish (often salted. dried. or
cured) they could remain at sea until the storage holds were filled. They would
return with enough 10 feed themselves and their families as well as enough 10
sell. enabling them to eam a living. Fishing became an important business.
providing incomes for many. as they were now able to sell large quantities of fish
to provide food to others.
Prior to Wortd War I fishennen were still very limited as to where and what they
could fish. After the War, however, technology advanced quickly and soon diesel
engines were widely available to everyone. Large fishing vessels no longer had
to depend on wind 10 bring them to Ihe fishing grounds: they could use engine
power. There was more control over vessels and greater distances could be
traveled in shorter periods of time. Increased horsepower was not the only
advancement. Having powerful engines meant that a vessel could tow heavier
fishing gear. Trawls and dredges became larger and heavier and catches
increased as a result.
Along with being able to now fish at greater distances for longer periods of time.
advances in fishing gear allowed harvesting to take place in environments where
it was previously impossible. In the Bay of Fundy in the early 1980s fishing
vessels were seeing success with rockhopper gear (DFO. 1994a). Developments
of such gear as rockhopper and streetsweeper gear meant that nets could be
towed on the roughest of bottom types. Any substrate from sand to gravel to
boulders was now vulnerable to fishing gear and fishermen could harvest larger
catches in many areas without having to worry about extensive gear damage.
This translated to lower costs for gear repair and replacement and in retum
resuhed in increased incomes. However. along with being able to catch more of
the fish they sought. fishennen were also catching more fish that were not
wanted. The unwanted marine life thai was captured. also known as bycatch.
was more often than not simply thrown back into the sea to die. if it was not
already dead. This practice of discarding was a waste of food and also impacted
fish populations and the complex marine ecosystem as a whole.
Despite the obvious social and economic benefits of the fishing industry. many
groups and individuals. such as environmental groups. scientists and the public
in general. have become concerned aboutlhe environmental damage caused by
modern fishing gear, particularty in recent years with the developments of
heavier. more durable and efficient gear. Environmental groups. such as
Greenpeace and Americas Oceans. have led campaigns proclaiming that fishing
gear is destroying the seafloor. lost nets are needlessly catching many fish. and
that extremely high levels of bycatch exist in many fisheries, large quantities of it
being wasted by discarding. This has resulted in a wide range of opinions on the
matter, but it has also led to increased efforts to significantly reduce
environmentally damaging fishing practices and a search for solutions.
A great deal of conflict surrounds the issue of the effects of fishing on the marine
environment. There are some groups with extreme opinions on both sides of the
matter. Some environmental groups are of the opinion that any type of fishing
that affects the environment in any way whatsoever should not take place at all
and that the marine environment would be better left in its undisturbed natural
state. At the other extreme, there are fish harvesters who are of the opinion that
they are simply making a living by fishing and that their effects on the
environment are minimal or. in some cases. are simply the cost of doing
business. When the groups representing these opinions meet. the conflict proves
to be disastrous and little progress can be made to appease either group, due to
the opposing points of view. Fortunately. the majority of the population lies
between these two extremes making it possible for opposing sides to
communicate in a civilized manner to best determine solutions to their conflicts.
Such controversy often attracts media attention. Unfortunately it seems that only
the most extreme or 'newsworthy' stories are used to attract public attention and
these are usually the most damning for the fishing industry. Rarely does one see
or hear a news headline stating that fishermen are working towards improving
selectivity devices to decrease bycatch or trying to modify gear to reduce contact
with the seabed. Countless headlines claim destruction by fisheries, often
spurred by an environmental group seeking to draw media attention to the issue.
Of course, these claims of destruction may well be justified since a great many of
the world's fisheries are either fully- or over-exploited. However. one cannot help
but wonder why the many successes in fishing gear developments leading to
more environmentally friendly fishing gear have not received the attention
deserved. On a more positive note, such negative reviews by the media often
result in greater effort by fishers and companies associated with fish harvesting
to improve fishing gear.
The fishing industry is a necessary presence in the global community. It is
necessary as a provider of food and a source of employment. There will always
be a fishery; therefore groups of opposing views must work towards
reconciliation. This should allow the fishing industry 10 maintain optimum
performance, providing food in an efficient manner. yet also following
conservation measures to preserve the environment and assuring that there will
be sustainable fisheries.
What follows is an examination of the development of conservation harvesting,
and, in particular. its progress in Atlantic Canada. The development of fisheries in
the Northwest Atlantic and the associated technology wilt be discussed along
with the controversies, pressures and perceptions surrounding the issues. Public
perceptions of fisheries and policies implemented by government play major
roles in fisheries development. Continued research and demands for solutions
are also of importance in addition to the successful developments in conservation
harvesting that have been achieved so far within the fishing industry in Atlantic
Canada and around the world.
2. EVOLUTION OF FISHING IN ATLANTIC CANADA
2.1. The Evolution of Fishing Gear
Atlantic Canada's fishing history spans thousands of years. Almost ten thousand
years ago the Maritime Archaic people followed the edge of retreating glaciers
and found their way along the coasts of what are now Atlantic Canadian
provinces (Employment and Immigration Canada, 1993). They fished in the cold
North Atlantic waters, as did their descendents. Other nalive groups migrated to
the area and learned about and further developed fishing techniques to ensure
their survival from the sea. Included amongst these people were the Innu and
Innuit of Labrador and the Beolhucks of the island of Newfoundland
(Employment and Immigration Canada, 1993)
Historically. hook and line gear has been the most commonly used fishing
method in Atlantic Canada (Figure 1). From the late 1400s, when John Cabot
discovered Newfoundland's rich cod·fishing grounds, to the mid·1800s hook and
line gear was the predominant fishery (Ryan, 1990). This changed with the
invention of the cod trap (Figure 2) in 1866 by Captain William H. Whitely at
Riviere du 51 Paul off the coast of labrador (Employment and Immigration
Canada, 1993). The development of the cod trap was extremely important to the
inshore cod fisheries of Newfoundland and labrador and the Quebec lower
North Shore, It enabled an increase in the size of fishing crews and arrowed men
to spend more time ashore, relieving the women of much of the splitting, salting
and cu~g that had to be done on shore (Ryan, 1990) The cod trap was very
efficient for catching fish since it was able to catch large volumes of fish in
relatively short periods of time (FRCC, 1997). Until the 1950s hook and line gear
and cod traps were the centre of the Newfoundland fishery, and the fishery was
focused almost exclusively on cod.
,~,',: :),;~
Figure 1: Hook and line fishing (www.stemnet.nf.ca/cod/hook.htm)
Figure 2: Cod trap (www.~tem~et.nf.cafcod/codt.htm)
In the first decade of the 1900s, small inshore fishing boats acquired gasoline
engines. In 1908 otter trawlers were introduced in Atlantic coast waters (lear,
1998). By the 1920s Nova Scotia fishing schooners had diesel engine power.
which allowed for more operational freedom when fishing, better catches and
higher earnings and profits (Andersen, 1998). It also meant that fishing was
intensified, for longer periods of time in previously inaccessible areas. Although
these important technological changes developed rapidly in most Atlantic
Canadian fisheries, the changes were slower to take place in Newfoundland
(lear, 199B), leaving the island (at the time a separate country from the rest of
Canada) slightly behind in technological advancements and improved fishing
methods.
The introduction of diesel engine power for vessels in Atlantic Canada enabled
the use of otter trawls for more efficient harvesting of fish. Trawling is a method
of fishing whereby a large, cone·shaped net is towed with steel cables, Of warps,
at relatively low speeds. "Wings- extend the large. open end of the net, and the
small end is closed by a bag, or codend. A vessel's engine power is used to tow
the net and trawl doors are used to spread the connecting warps and hold the
mouth of the net open, as seen in Figure 3 (DFO, 1999a). The net may be towed
over the seabed or at any depth in the ocean as required to catch a particular
target species (DFO, 1994a).
Figure 3: Otter Trawl (adapted from Smolowitz, 199B)
The method of trawling has a long history. From the time it was first carried out in
the fourteenth century until the earty 1900s, trawls were used mostly in shallower
waters, such as in estuaries, bays and continental shelf areas at depths up to
several hundred metres. However, the introduction of the diesel engine in the
1920s resulted in a sharp acceleration of the use of trawls (Lmdeboom and de
Groot. 1998). Many were opposed to the use of trawls, in particular inshore fish
harvesters who were unable to achieve the efficiency of the large trawlers and
felt it was a threat to their livelihood. To protect the inshore markets, in the late
1920s a Royal Commission banned trawling in the Atlantic region of Canada, a
ban that lasted until 1948 (Gough, 2001). Although the French and Spanish had
already been trawling on the Grand Banks for several years, the arrival of
groundfish trawling technology in the Newfoundland fishery in 1935 allowed the
Industry there to move beyond its focus and dependence on Atlantic cod, and to
expand by exploiting other target species such as haddock, redfish and flounder
(Lear. 1998). Trawler captains learned how to fish new species on new fishing
grounds and at depths they had never fished before. As the numbers of
Canadian and foreign trawlers grew so did the competition and fishing intensity
for fish on the Grand Banks. During the period of 1948 (after the Canadian
trawling ban had been lifted) to 1965 the groundfish populations were subject to
extensive exploitation. European fleets increased in size and brought with them
new fishing methods such as pair trawling and longlining. Large factory freezer
trawlers were introduced, which could fish in much rougher water and in which
fresh fish could be filleted and processed at sea (Lear, 1998) As a well-known
Newfoundland trawler captain, Captain Arch Thornhill, once said, "Pity the fish
and their sea bottom home" (Andersen, 1998:242)
Although traditional fishing methods were still widely used by independent
inshore fishermen. trawling for fish intensified offshore. New developments in
trawling technology were constantty evolving. More engine power allowed larger
nets to be towed. Trawls were being modified to hold more fish. to be more
durable, and to fish on substrates that had been avoided before because of the
rough terrain that would tear and destroy nets.
Like bottom trawling, mid-water or pelagic trawling also requires a large mouth
opening to gather shoals of pelagic fish, such as redfish and hake. Mid-water
doors and deep side panels in the net help to maintain the horizontal spread of
the trawl opening (Sainsbury. 1996), while the vertical opening is maintained by
weights on the bottom of the net and floats on the top (OFO. 1994b). Unlike
bottom trawls. pelagic and semi-pelagic trawls do not touch the seabed and
therefore have little influence on its physical and chemical properties (FRCC.
1994). However, as in many other fisheries. there are problems associated with
bycatch. including bycatch of large marine mammals such as whales and
porpoises. In the present Atlantic Canadian fishery pelagic trawling is used
primarily for the harvest of redfish, or ocean perch (Sainsbury. 1996).
The 1930s saw the modernization of the traditional hook and line fishery in the
Gulf of St. lawrence with the development of the "long liner" longliners were
vessels capable of fishing further offshore. and were equipped with mechanical
hauling devices for more efficient use of the traditional hook and line gear (OFO.
1983). longlining involves the use of a "long line" with a series of baited hooks
spread along the ocean floor or through the water column (Industry Canada,
1996). In Atlantic Canada this method is used mainly to catch species such as
cod, haddock, hake and turbot. In the 1970s longlining became even more
efficient with the development of a mechanical baiting system by O. Mustad and
Sons ltd. The Muslad Autoline System uses a line hauler to retrieve the gear
from the water, which is then passed through a machine that removes any bait
still present. When the gear has been inspected by the fishers and is ready for
shooting, the high-flyer and buoy line, which are attached to the line, are
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launched. The resistance of the buoy and the rope in the water pulls the hooks
on the line through the baiting machine. where each hook activates the baiting
machine. which in tum double-baits each hook as it passes through. Despite the
efficiency and effectiveness of the Mustad system. it is not widely used in the
Newfoundland fishery. This is probably because the system is expensive. and it
is difficult to justify the purchase given the seasonal nature of the fishery (DFO.
1993). DFO has encouraged the use of longlines since this method of fishing
produces a top quality, high·value product (Industry Canada. 1996) and it is
viewed by many scientists and fish harvesters to be one of the most conservation
friendly of all the gear types used in Atlantic Canada (FRCe. 1997).
European and Scandinavian seining technology has also become a popular
method of fishing in Atlantic Canada in the past 50 years. Danish seining
originated in Denmark in 1848 and was adopted by Scottish fish harvesters in the
19205 (FRCC. 1994). In the 1950s it was introduced to the fIShery in the southern
Gulf of St. Lawrence. where it is still used more widely than in other areas of
Atlantic Canada (FRCC, 1997). In both Danish and Scottish seining. a net and a
series of ropes are spread out in a pear-shaped form along the ocean floor
(Industry Canada. 1996). The primary function of the ropes is to sweep over the
seabed. herding fish into the path of the net (DFO, 1994b). The environmental
impact of seining may be less significant than that of otter trawling. due to the
"
absence of otter boards, the slower towing speed, and the shorter tow duratkln
(FRCC, 1994),
In the 19605 gitlnets (Figure 4) were introduced to Atlantic Canadian fishmg
operations in Trimty Bay, Newfoundland for turbot fishing (Brodie et al., 1999),
and quickly became one of the most widely used groundfish gears in the region.
Gillnets are extremely efficient. are very size selective, can be fished in very
deep waters (up to 1600m) and can be used to catch pelagic fish, such as
salmon and herring, and almost any species of groundfish, such as cod and
turbot (FRCC, 1997).
..
Figure 4: Gillnets (adapted from Smolowitz, 1998)
Later developments in Atlantic Canadian fisheries included the introduction of
shellfish pots and scallop rakes or dredges. The use of crab pots has expanded
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rapidly in Eastern Canada since 1970 with many larger vessels that used only
gillnets and seines in the past now having great success with crab pots (DFO.
1992193).
The past 150 years has seen major advancements in fishing gear technology in
the fisheries of the Northwest Atlantic. Harvesting fish has become more efficient
with increasingly larger catches being taken in shorter periods of time. Such
developments have been vital 10 the survival of Atlantic Canada. providing food
and employment and feeding local economies that otherwise would probably not
exist. Table 1 lisls species. the areas where they are harvested and the types of
gear used.
Table 1: Major species harvested in Atlantic Canada,
areas fished and gear types used
(table conlinued on next page)
I Species
I American
! plaice
I YellowtailiFlounder
Area Fished
I
Gulf of St Lawrence
Eastern ScoUan Shelf
St. Pierre Bank
! Northeast Nfld. Shelf
Labrador Shelf
South Gulf of SI. hwrence
GeorgesB.Jnk
Grand Bank
Southern Scotian Shelf
B.JyofFundy
Georges Bank
South Gulf of St. L.Jwrence
St Pierre Bank, South
Coast Newfoundl.Jnd
Primary Gear
Tv"s
Seine,Ottertrawl
Selne,Ottertr.Jwl
Otter trawl. seine,
gillne!
Ottertrlwl,Gillnet
oner tr.Jwl, Gillnet
oner trawl, Gillnet
onertrawl
Otter trawl
Otterlrawt.GiIlnet,
Longline
Otter trawt, Gillnet.
Longline
Longline,GilInet
Ottertr.Jwl,Seine,
Longline,Gitlnet
Otter lfiIlwl. Seine,
Gilinet
I Information
! Source
ISSR A3·26 (2001)SSR A3-34 (2000)
SSR A2-o2(1999)
SSR AJ-16 (19991
SSR AJ-15 (20001
SCR Doc. 99/42
SSR A3-oS (2000) ,
SSR AJ-OS (2000) !
SSR A3-04 (20011
SSR A3-01 (20011
ISSR A2-02 (2000) i
Otter trawl, Gillnel, SSR 96194E
Lon line 1996
Primary Gear i Information
TV~s Source
Mid-water lrawl, SsR 06I69E
Longline (1996)
Mid-water trawl, SSR 06J69E
Lon line 1996
~=~ trawl, Mid·water ISSR 96188 (1996):
Ie:=~ lrawl, Mid-water !SSR A1-o1 (1999)
! Otter trawl, Mid-water 'SSR A1-o1 (1999)
Ilrawl
SSR A2·09 (19991
SSR A3-19 (19971
SCR Doc. 98/49
11998
SSRA4-o3(2001) I
SCR Ooc. 98/47 i
,(1998)
: SCR Doc. 98/47
(1998l
, Gillnel
Gillnel, Otter trawl
, Gillnet,Ottertrawl
Scotian Shelf
Grand Sank
St.Pierre Bank, Fortune Bay , Otter trawl, Seine,
i Gilinet
: Otter trawl, Seine
iOttertrawl
i Witch Flounder
Species Area Fished
rH"d~' Southern Scotian Shelf8ay of Fundy
iPollock Scotian Sheff
Scotian Shelfi Redfish
r
Laurentian Channel
Soulhern Grand Bank
Gulf of St. Lawrencei Turbot Northeasl Nfld. Shelf
Labrador Shelf
·SSR = OFO Stock Status Report
SCR =NAFO Scientific Council Report
i Eastern Scotian Shelf
i~~;:,;n I~:::~~~~~:~~~I
I
Hawke Channel
East Cout Labrador
Northeast Coast Nfld.
Snow Crab
!Scallops
!
Gulf of St. Lawrence
, Eastern NOlla Scotia
r Northeast Nnd. Shelf
; Labrador Shelf
, Georges Sank
i Brown's Sank
!Easlern ScolianShelf
i German Sank
Conical crab pots
Square, Conical Pots
I Conical crab pots
I Conical crab pots
1 New Bedford Scallop
i R.ake
INew Bedford ScallopRake
! New Bedford Scallop
i Rake
o New Bedford Scallop
Rake
Otterlrawl
,Ottertrawl
. Otter trawl
Onertrawl
Otterlrawl
Otter trawl
I SSRC4-o1 (2001)I SSR C3·02 (2001)
SSR C2·01 120011
. SSR C2-01 120011 :
I SSR C3-15 (2000l
i SSR C2-oS (2001)ISSR C2-oS (2001)
I~~: g~~: :~~~~:
I SSR C2-oS 2001
Despite these fishing gear advancements and the benefits 10 the fishery and Ihe
economy in general. controversies surrounding many of these advancements
!5
have surfaced, blaming fishing gear for the depletion of valuable fish stocks and
destruction of the marine environment. The sections that follow will discuss many
of these controversies and the fishing gear developments that have focused on
solving many of the negative aspects of the traditional fishing gear used in
Atlantic Canada since the mid-1800s.
2.2. Fisheries Management in Atlantic Canada
Although the fishery in Atlantic Canada has been very active for hundreds of
years. it was not until the late 1800s that some fonn of management for fisheries
was established. In 1857 the first comprehensive fisheries legislation in British
North America was passed, mainly for conservation of river and salmon fisheries.
followed by the Dominion Fisheries Act in 1868. which gave the Governor in
Council power to make regulations as deemed necessary for better management
of inland and marine fisheries (Parsons. 1993).
Until the end of World War II there appeared to be little need to regulate fisheries
in the Northwest Atlantic. However. the arrival of new distant-water fleets in the
1950s gave rise to concerns about fisheries off the Atlantic Coasts of Canada
and the United States. In response to these concerns the International
Commission for the Northwest Atlantic Fisheries (ICNAF) was established in
1951. By the early 1950s ICNAF started to regulate fisheries through the use of
16
mesh siZe controls. Unfortunately, there were no limits on amount of fishing or
catches until 1971 (Parsons. 1993).
In 1971 the Fisheries and Marine Service was formed in Canada. to protect
Canada's interest in its own fisheries resources and as a result of growing
concern for environmental protection. The Minister for the Environment was
responsible for fisheries until 1979 when Parliament created the new Department
of Fisheries and Oceans (OFO) (Parsons, 1993).
At the same time the Northwest Mantic Fisheries Organization (NAFO) was
formed in 1979. taking the place of lCNAF on the international fisheries
management scene. The NAFO Convention Area covers the Northwest Atlantic.
induding waters under national fisheries jurisdiction. such as that of Canada or
the United States. The main purpose of NAFO is to establish fisheries
management measures, in particular total allowable catches and national
allocations for stoc:ks in the Convention Area (Parsons, 1993).
The formations of lCNAF, NAFO and DFO have been instrumental in protecting
the fish stocks of Atlantic Canada. In particular, NAFO and DFO have had a
major influence on conservation harvesting and continue to do so with
consultations with other nations and with many representatives of the fishing
industry in Atlantic Canada.
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3. SOME MAJOR EffECTS Of fiSHING
Within the marine environment fishing is the most extensive human exploitative
activity (Jennings and Kaiser. 1998). Without a doubt any human activities in
which natural resources are exploited are bound 10 have negative impacts on the
state of that resource and its surrounding environment.
The various types of fishing gears used and the manners in which they are
employed directly affect the state of fish stocks in the area, including both target
and non-target species. and the physical habitat in which these organisms live.
Demersal otter trawls and dredges are designed 10 contact the seabed 10
mallimize fishing efficiency. This contact with the substrate disturbs the bottom,
moving organisms and marine debris. suspending sediment. scraping and
ploughing the seabed, and destroying benthos. Non-selective fishing gears take
both targeted and non-targeted species. often simply discarding the unwanted
fish. which has led to worldwide concem for such wastage as a result of bycatch.
Nets that have been lost or left unattended. also known as wghosC nets. catch
many fish and shellfish, which are left 10 die. contributing to unaccounted
mortality of marine species.
Not a lot of research has been conducted so far in the Northwest Atlantic on the
direct effects of fishing gear, although recently there have been increasing efforts
"
by research scientists. The International Council for the Exploration of the Sea
(ICES), of wnich Canada has been a member since 1967 (Parsons. 1993). has
been conducting bonorn impact studies since the 19605. ICES research has
found that bottom trawls can remove some physical features from the ocean
environment, such as peat banks or boulder reefs. and that these changes are
almost always permanent. ICES has also found that bonom trawling can result in
a reduction of structural biota, such as sponges and oyster beds, and a reduction
in population complexity (ICES. 2000). There are many opinions on the severity
of direct fishing gear impacts, some conveying total disregard for the effects of
fishing. some others demanding a complete elimination of fishing effects.
There are also many indirect effects of fishing. most of which are extremely
difficult to study or quantify. The long-term effects of benthic disturbances have
not been determined with any degree of certainty, and the degree of post-fishing
mortality has only been studied carefully in the past decade or so. ICES has
completed some research on post-fishing mortality and has determined that fish
that escape from the mesh in fishing gear are indeed often damaged Of even
killed (ICES. 1995). The quantities of fish that escape cannot be readily
assessed, however the proportions that are likely to survive escaping from some
types of trawls are given in Table 2.
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Table 2. Range of survival rates reported for fish escaping
from various trawls. (ICES, 1995)
Gear Species Percent Survival
Oner trawl Cod. Haddock 67·94%
Sole 60·100%
Beam trawl
Plaice 85%
Pelagic trawl Herring 60·97%
Another indirect consequence of fishing is the effects of sediment resuspension
on benthic organisms. The effects of light reduction and the clogging of feeding
tubes are unclear. There are also questions relating to the effects of sediment
resuspension on the chemical composition of the water in the area of
disturbance. but again. these are questions that do not yet have any clear
answers.
This section examines some of the major effects of fishing on marine species
and habitats. It is important to realize that much uncertainty surrounds these
issues. however the effects of fishing are becoming increasingly important to
scientists. fish harvesters. environmentalists. and many other stakeholders with
fisheries interests. It is imperative that much more research be completed in this
area so as 10 provide a better understanding of fishing effects on Ihe marine
environment and the socio-economic effects that will ensue.
3.1. Bycateh and Discards
In Biblical times it was common for the undesired fish 10 be thrown back into the
water. Matthew 13: 47-48 states that "the kingdom of heaven is like a dragnet
cast into the sea. and gathering fish of every kind; and when it was filled. they
drew it up on the beach; and they sat down. and gathered Ihe good fish inlo
containers, but the bad they threw away" In recent years however. bycatch has
become a central issue in the management of fisheries throughout the world. The
publiC has become increasingly aware of the seriousness of bycatch and there
has been an emerging consensus that measures must be taken 10 minimize
incidental catch levels 10 insignifICant amounts (Crowder and Murawski. 1998).
Before attempting to discuss this issue in detail one must first decide what indeed
"bycatch" actually refers to as it often has different meanings. Alverson et af
(1994). through a review of various sources of literalure, have found Ihat
"bycatch" has been used to identify:
1) Species retained and sold.
2) Species or sizes and sexes of species discarded as a result of
economic. legal, or personal considerations.
"
3) Non-targeted species retained and sold. plus all discards.
Other words are also often used interchangeably. including the words -bycatch"
and "discards~ which, although they will have quite different meanings in this
document. are often used synonymously. These discrepancies in definitions only
add more complexity to an issue that is already confusing to many. To prevent
confusion to readers the following definitions will be used in this manuscript·
Bycatch
Undesired fish which are caught when targeting a particular species
offish
Includes non·target species as well as those of target species which
are of undesirable sizes or sex
May also include birds and marine mammals
Discards
Catch that is not retained (returned to the sea. dead or alive)
Returned to the sea due to economic. legal. or personal
considerations
Usually unwanted bycatch
3.1.B. Extent of Bvcatch Problems
Recent estimates by the Food and Agriculture Organization of the United Nations
(FAD) show thai approximately 20 million metric tonnes (mt) of fish are discarded
annually from commercial fisheries around the globe. With world landings from
marine fisheries being approximately 83 million mt. discards represent about one
quarter of the total wond catch (Pascoe, 1997), These figures indicate the
magnitude of discards and emphasize the importance of reducing incidental
catches if such high discard levels are also to be reduced.
To further demonstrate just how much fish is discarded on an annual basis,
Table 3 demonstrates discard weights in some of the world's major fishing
regions
Table 3: Discard weight by major world regions (Alverson et aI, 1994)
i1 Area iDiscard Weight (mt) I
9.131,754
3.671,346
2,776,726
2,601,640
802.884
685.949
35.119
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As shown in Table 3 the Northwest Pacific fisheries contribute to the majority of
discards in global fisheries, The Northwest AIIantic. which includes
Newfoundland's fishery, was ranked 11lh in the world in 1994 with an annual
discard weight of 685.949 mt. This amount has most likef'( been reduced since
1994 due to advances in gear technology for reducing bycatch, some of which
will be discussed later. In addition, Canada introduced a -no discard" rule, or the
mandatory landing of aU groundfish, in the Atlantic fishery regulations in 1993
(DFO, 1994c). This should also have resulted in a major reduction of discards in
the Northwest Atlantic since then.
There is, however. the potential for problems associated with mandatory landing
of all groundftsh. Since this results in the landing of fish of a wide range of sizes,
most fish processors have created a two-tier pricing system whereby the larger
fish. such as cod. bring a higher price, and the smaller fish are of lesser value.
This most likely results in high-grading, which is the illegal discarding of smaller
fish so that a harvester can continue to fish in search of larger fish to fulfill hislher
quota (Pascoe. 1997). Since most small vessels have little or no observer
coverage, it is difficult to determine if this practice is common. but it is suspected
that minimum fish size rules are ignored. This works against the "no discard" rule
and can be detrimental to conservation efforts.
Although almost all fisheries have some levels of bycatch. it appears that shrimp
fisheries have the highest bycatch rates. most likely due to the small mesh size.
which is required to catch the tiny shrimp. In the early 19905 it was estimated that
shrimp fisheries accounted for approximately 35% of global fisheries discards
(Alverson et al. 1994). However the development and widespread use of
separating grates and other sorting systems, which will be discussed later. has
significantly reduced bycatch in recent years.
Almost any marine species is vulnerable to being caught as bycatch and, if
discarded, survival of the bycatch is poor in most gear types. Bycatch tends to
selectively remove specific cohorts and species of fish and therefore leads to
changes in the composition of marine communities. As well as biological effects
there are also economic effects such as the increased cost associated with extra
time and labour needed to sort the catch and the long·term economic cost of
damaged fish populations (Highsmith, 1997). In addition to the detrimental
effects of bycatch, discarding is a wasteful practice. Not only is It a waste of
marine protein, but It also represents a loss of employment for potential food
processors. and it is also wasteful to the environment itself in terms of lost
biomass. disruption of food chains and removal of nutrients (McAllister. 2000).
These are indeed serious issues and measures must be taken to reduce bycatch
and subsequent discards.
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3. 1.b. Fishing Ge.r C.using Brc.tch Concems
Most fisheries do have some levels of incidental catch, but the degree of bycatch
varies. There are some types of fishing gear, however, which have been
especially problematic and are known for their high levels of bycatch. For
instance. shrimp trawts with their small mesh sizes retain almost anything that
enters the codend, as do most other trawls for which mesh sizes are too small to
allow all unwanted species to escape while retaining the target species. Scallop
rakes retain high numbers of monkfish, flatfish, lobsters and benthic organisms
(Smolowitz. 1998). longlines are known to catch unwanted fish, as well as
marine mammals and birds that are attracted by the bait. Not only is bycatch
wasteful and harmful to animal populations, there are also concerns that many of
the species which make up part of the bycatch are endangered. protected or are
from depleted or recovering stocks.
Selectivity of otter trawls is related mainly to the size and shape of the mesh
used. When the target species is a relatively large species, such as cod or
redfish. then bycatch is a less severe problem, as the meshes can be large
enough to allow smaller fish and other species to escape. However when the
target species is quite small, such as shrimp, a small mesh size is required to
retain the catch. This also results in the capture of almost anything that enters
the net that is larger than the shrimp, including many groundfish. For example, in
the Newfoundland shrimp trawl fishery in the early 19905, a bycatch as high as
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1.J8kg per lkg landed shrimp was recorded (Alverson, et al., 1994) and. also in
Newfoundland. a high cod bycatch in the winter redfish fishery led to several
dosures (FRCC. 1994).
Seining in the Gulf of St. Lawrence has also experienced problems relating to
bycatch. In fact. in the spring of 1996 in the American plaice and witch flounder
fisheries. the Danish seine fleet was temporarily prohibited from fishing after the
bycatch of cod exceeded the allowable 5% limit. The fishery was closed a
second time the same year because the catch of small American plaice (less
then JOcm) exceeded the 15% small fish protocol (CAFIO. 1997).
Although gillnets are highly size selective, they are also known 10 capture
species other than those intended. including shellfish, marine birds and
mammals. Between 1981 and 1984 in Eastern Newfoundland alone
approximately 27.000 birds per year were incidentally caught in gi1lnets. The
extent of the bycatch by gillnets is also emphasized by the fact that
approximately 10.700 harp seals were incidentally caught in the area of Western
Newfoundland in the spring of 1988. Although the incidents of whales caught in
gillnets are less extensive. an average of 24 humpback whales per year were
trapped in glllnets between 1979 and 1987 and as many as 182 collided with the
gear annually (Lien et al., 1989).
"
Shellfish pots are also known to retain bycatch. For instance, in the AU3ntic
Canadian snow crab fishery only males with a carapace size of 3.75" Of greater
are permitted to be harvested. Unfortunately, many females and small mates are
also captured in these pots and are discarded once the pots are retrieved.
Although usually still alive when discarded, the survival rales for the crab thai are
returned 10 the water are difficult to determine and have nol yet been thoroughly
studied in Canada. However. a study by the U.S. National Marine Fisheries
Service (NMFS) determined the injury and mortality rates for discarded
undersized red king crab and Tanner crab during simulated fishing. During the
study, 15% of the red king crabs and 27% of the Tanner crabs received injuries.
and after 48 hours in seawater only 2% of the red king crabs and 10% of Ihe
Tanner crabs died as a result of handling (Stevens, 1995). It is possible that
similar results might be seen in the Atlantic Canadian snow crab fishery.
Bycatch of species other than cod in cod traps. especially Atlantic salmon. has
also been problematic in Atlantic Canada. Atlantic salmon have been showing
slow rates of recovery in recent years, but with the start of the sentinel cod trap
fishery on the West coast of Newfoundland. high levels of bycatch of Atlantic
salmon have been reported (CASEC, 1996a). Similarly. Atlantic salmon bycatch
has also been problematic in capelin traps in the Northeast coast capeJin fishery
in Newfoundland (CASEC, 199Gb). Studies have been conducted. with funding
from the Cooperation Agreement for Salmonid EnhancemenVConservation
(CASEC), to reduce bycatch of salmon in these traps, with some positive results,
yet further studies have been recommended to further test the methods used.
Yet another type of fishing gear that causes bycatch concerns is shellfish rakes,
such as scallop rakes. The top portion of a shellfish rake consists of a mesh
cover that is intended to keep shellfish from escaping. Unfortunately it also
prevents other species that enter the rake from escaping. often resulting in
bycatch of many unwanted species. In Atlantic Canada. common bycatch
species in scallop rakes include monkfish. flounders. and lobsters. If the bycatch
that enters the rake tends to swim upwards and is able to fit through the top
mesh then it is able to escape. Others are simply left in the rake. unable to
escape and end up as bycatch. A unique and unfortunate aspect of the scallop
fishery in At1antic Canada is that any incidental catch in the scallop rakes may
not be landed (with the exception of monkfish). This leads to the discarding and
wastage of otherwise valuable seafood products.
Each of the aforementioned gear types requires attention and a search for
solutions for their bycatch problems. Fortunately many of their past bycatch
concerns have been and are currently being addressed. However, it is essential
that fishing gear technology continue to be developed 10 drastically reduce
bycatch in marine fisheries. Eventually complete elimination of unwanted calch is
the ideal accomplishment. although an unlikely one in the near future. Atlantic
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Canada has played a major role in many developments towards bycatch
reduction as will be discussed in later sections.
3.2. Ecosystem Effects
3.2.8. The Extent ofEcosystem Effects Due to Fishing
A series of papers published in Conservation Biology in December of 1998
created a stir amon9st environmentalists and fishers alike. adding to concerns
which. in the past several years, have focused on the impacts of fishing on the
marine environment. This particular series, entitled Effects of Mobile Fishing
Gear on Marine Benthos, was a special section of the journal that came about as
a result of a 1996 scientific workshop on the topic. The series painted a
disturbing picture, describing how trawling and dredging affect benthic species
composition. spatial structure. community function and the biogeochemistry of
the water column, making the use of mobile fishing gear "humankind's most
important physical disturbance of the biosphere" (Watling and Norse. 1998).
However there are many who insist that although fishing does affect the seabed
and its inhabitants, the effects are not as severe as those portrayed in the 1998
papers (Whitney. 1998: Gordon et al., 1998). Some fish harvesters even insist
that fishing improves the conditions of the seabed, much the same as tilling the
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soil improves the condition of farmland. One of the earliest papers on the effects
of fishing on the seafloor by Graham (1955) conduded that damage to species
on the seafloor could not be serious because otherwise there would be a
noticeable difference in these species where trawling is impossible.
Indeed there have been noticeable decreases in biomass in many fishing areas
since Graham's 1955 paper. But can all of these decreases be attributed to
bottom disturbances caused by trawling? There are most likely many other
factors or a combination of factors involved {overfishing, for example} that have
led to decreased fish stocks in trawled areas. In defense of trawling there are
also areas that exist where, despite trawling for decades, possibly even
centuries, fish continue to thrive and the areas remain highly productive. For
example, an area located outside Casco Bay, Maine has been bottom trawled
intensively for decades, The area is approximately 10 miles long and one mile
wide, consists of a smooth, muddy bottom. and is trawled for different species of
fish throughout the year. $everal different types of trawls are used. induding
those with chain sweeps and rockhoppers and roller gear. However, despite the
intensive fishing on the bottom the area continues to be very productive
(Pendleton, 1998).
The eKtent of fishing effects on the marine environment and whether these
effects are harmful or beneficial is a growing area of study. There have been no
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long-term studies that can conclusively say that fishing harms or benefrts the
marine environment. However the list of short-term studies has been growing in
the past several years and the results of these studies vary widely.
3.2.b. Fishing Gur Responsible for Ecosystem Effects
Any gear type that disturbs the seabed is bound to affect the ecosystem to some
extent. Bottom trawls, beam trawls. rakes and dredges are the gear types with
the greatest degree of contact with the sea bottom and therefore are the ones
most commonly accused of being detrimental to the sea floor and the marine
environment.
Otter trawls are used mainly to catch groundfish and shrimp. They have a thick
groundrope along the lower opening of the net which may be weighted with
rubber disks. bobbins. chains or wire that help to keep the net on or near the
seabed and may also help to move the net over various types of terrain. Floats
along the headrope help to keep the net open. Otter trawls require trawl doors. or
otter boards. to maintain the horizontal opening of the net (OFO, 1999a). Oller
boards slide along the seabed, creating sediment clouds and herding groundfish
into the net (Figure 5).
Figure 5: Mud clouds created by otter doors
(taken from www.americanoceans.org/fishltrawlbroch1.htm)
Like otter trawls, beam trawls are also towed along the sea floor. but they
generally use a smaller net and use a metal or wooden beam rather than otter
boards to maintain the horizontal opening of the net. Beam trawls are an
alternative for smaller vessels that do not have the required power for otter
trawling (OFO. 1998a). Immigrant Japanese fishermen introduced shrimp beam
trawling to fish harvesters in British Columbia in the late 1800s (OFO. 2001a)
Although they are used regularly in B.C., they have not been traditionally used in
Atlantic Canadian fisheries and will not be discussed in detail in this paper.
However. in 1997 an exploratory initiative allowed beam trawls, equipped with a
mandatory Nordm0re grate, to be used by vessels <45' in Shrimp Fishing Area 6
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off the coast of Labrador (OFO. 1997). To date the results of this initiative have
been promising (OFA. 1998b) and may result in future growth of the shrimp beam
trawl fishery in Atlantic Canada.
Trawlin9 has been carried out since the fourteenth century when the British
began using trawls in the North Sea (FRCC. 1994). Even at this time there were
complaints of damage by fishing on the bottom. In 1376 the King of England
received a petition from the Commons. saying that ~the great and long iron of the
wondyrchoun runs so heavily and hardly over the ground when fishing that it
destroys the flowers of the land below water there" (Graham. 1955). As
mentioned on page 9. a ban on trawling in Atlantic Canada was in place from
1928-1948. as a response to inshore harvesters who felt that their livelihoods
were threatened by the efficiency of the large trawlers (Gough. 2001).
Unfortunately. despite the presence of concern. not much research was
conducted to confirm the extent of destruction until the latter part of the twentieth
century when the environmental movement created further inlerest in the matter.
Studies have shown that bottom trawling destroys marine life. crushing shellfish
and crustaceans and tearing up organisms embedded in the sediment (Gordon
at a/. 1998). An ongoing otter-trawling experiment taking place on the Grand
Banks of Newfoundland has demonstrated thai intensive trawling on the sandy
bottom reduces the biomass of large epibenlhic organisms. such as infaunal
bivalves. and also changes physical habitat structure by smoothing the surface of
the seabed (Gordon et al. 1998). However the rate of recovery in such areas
varies depending on tides. currents and other environmental factors. In shallower
areas with strong currents and wave action aU traces of trawfing activity may
disappear within a very short period of time. often in as little as lwenty.four hours.
Other areas may take longer 10 recover, perhaps even as long as a full year
(Schwinghamer et af. 1998). This prolonged recovery generally occurs in deeper
waters with little natural disturbance where evidence of trawling may last for
extended periods of time. however more studies must be carried out to determine
the time·scales involved in traWling disturbances.
Rakes and dredges. most commonly used for fishing shellfish such as scallops.
are pUlled over the seabed. One type of rake commonly used in Atlantic Canada
is the New Bedford style scallop rake (Figure 6). The scallops are collecled in a
ring bag that is attac:hed to a steel frame. The front of this frame. the bale. usually
rides off the seabed. Behind the bale is the cutting bar. which also rides off the
bottom. Attached to the frame is a sweep chain that sweeps back into an arc and
is attached to the bottom of a steel ring bag (Smotowitz, 1998). The top of the
dredge is generally constructed of a !wine mesh that prevents scallops from
escaping but is also known to be problematic due to the fact that it retains finfish
and other bycatch.
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Figure 6: Scallop rake (Smolowitz, 1998)
Dredging for scallops and surf clams, which takes place on the Scotian Shelf, is
also very destructive to the seabed, A hydraulic dredge is much more efficient
than a scallop rake and does not damage as many shellfish. Seawater is pumped
through a large hose in front of the dredge and, using pressure, is jetted into the
sand to create a soft mud to make it easy for the dredge to pass through the
bottom (Gorman, 1994). Carefully set spacing on the bars of the dredge allow
most small scallops and other organisms to pass through while the larger
scallops, as well as larger bycatch, are retained. Restrictions on hose length and
pumping pressure allow dredging only to take place in shallow waters, yet within
these shallows dredges can be severely destructive to life on the sea floor (New
Jersey Fishing, 2000)
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Another concern regarding mobile fishing gear in contact with the sea floor is
sediment resuspension, Until recently the effects of trawling and dredging
operations on sediment dynamics has been largely overlooked. Trawl doors often
create clouds of bottom sediment that herd fish into the net. Other parts of the
trawl. such as the bobbins, weights and tickler chains contacting the seabed
have also been observed suspending sediment. Scallop rakes are extremely
heavy and have significant contact with the sea floor. stirring up sediment and
disturbing organisms. A study conducted by James Churchill off the Northeast
coast of the United States demonstrated that trawling can make a significant
contribution to the time-averaged suspended sediment load over heavily trawled
regions, particularly in areas with fine sediment (Churchill, 1989). Although it is
not yet known if this physical disturbance has a positive or negative effect on
fisheries, it has been determined that mixing of the upper layers of the seabed
impedes the colonization of gravel bottom by attached organisms. reduces the
roughness of the terrain, and reduces overall biological diversity and abundance
(Valentine and Lough, 1991). Besides preventing colonization. suspended
sediment may also have some adverse direct effects on organisms such as
abrasion of gill membranes and impairment of feeding for visual feeders due to
increased turbidity (DFO, 199...) and clogging of feeding apparatuses for various
sessile benthic organisms (Rhoads, 1974).
Although fishing may disturb the seabed. natural disturbances also take place.
These natural disturbances to the sea floor must also be considered when
discussing the impacts of fishing on the marine environment. In many shallow
areas storms and rough wave action alter the seabed on a regular basis
Icebergs can plough deep into the seabed in Arctic and Antarctic waters,
destroying organisms and the structure of the seabed. Many of these naturally
disturbed areas are also frequented fishing grounds. Although the fishing activity
may disturb the seabed and suspend sediment particles. there is debate on
whether such effects are detrimental to life on the sea floor.
3.3. Ghost Fishing
The term ~ghost fishing" is used to describe lost or discarded nets (usually
gilfnets and drift nets) and pots that continue to fish for extended periods of time
after being left in the water. This lost gear is a source of concern. as many
believe that this continuous fishing causes unnecessary losses to both
commercial and non-commercial stocks (Bech. 1995).
Modern fishing gear tends to be made of durable material, such as plastic
monofilament twine in giUnets. which is not biodegradable (OFO. 1993). Although
such durable gear is advantageous for fishers in that it is less susceptible to
damage and fewer repairs have to be made to the gear, it can be detrimental if
the gear is lost. This occu~s if the gear is able to remain intact for an extended
period of lime and continue 10 fish and destroy marine life. The best example of
this is lost gillnets.
3.3.•. Er~ntof Ghost Fishina in Atlantic Canllda
There are concerns not only for the fish and shellfish that are killed unnecessarily
bul also for marine birds. mammals and turtles thai become victims of lost or
untended gear. Records show that worldwide there are at least 136 species
reported to have been entangled in lost fishing gear (laist. 1995). These include
seven of the eight sea turtle species. 60% percent of the baleen whale species.
16% of all seabird species and many species of commercial fish and shellfISh.
Most of Ihese entanglement cases involve small pieces of lost fishing gear, in
particular pieces of trawl netting, gillnets and monofilament fishing line (laist.
1995).
In Atlantic Canada ghost fishing has been a serious problem. especially
throughout the 1960s to the early 1990s. It has been estimated that for a number
of years prior to 1992 an average of 8000 g;lInels were lost each year in the
Atlantic Region (Fisheries and Marine Institute. 1995). In addition to this.
between 1980 and 1990 approximately 30,000 pots were lost in the DFO Gulf
region alone (Fisheries and Marine Institute, 1995). In the past several years
growing awareness and concern for the effects of ghost fishing as well as gear4
loss prevention programs have resulted in attempts to reduce ghost fishing.
Despite this. ghost fIShing is still a problem in some areas of Atlantic Canada. For
example. when the Department of Fisheries and Oceans closed the cod fishery
in Placentia Bay. Newfoundland in March 2000. some fIShermen left their nets in
the water. Officials from OFO hauled as many nets as possible out of the water
and in one week alone pulled in 43 nets containing 25.000 pounds of cod and
2,000 pounds each of crab and flounder (Welsh. 2000).
3.3.b. Gho5t Fi5hinq G~ar
In Atlantic Canada lost gHlnels make up the majority of lost fishing gear (Figure
7). Most gillnet losses are due to environmental conditions such as powerful
currents. movement of ice and heavy seas. Conflict with other fishing gear.
particularty mobile gear, and vessel traffIC are also contributing factors.
Negligence on the part of the fisher. such as leaving the net for a long period of
time. forgetting the location. or not marking the gear properly also results in
gillnet losses. In the early 19705 a gear replacement program was in effect for
Atlantic Canadian fishermen who lost gillnets. This also may have led them to be
more careless with their nets and. since the gear could easily be replaced,
probably led to more gillnets being lost or abandoned than there would have
been otherwise (OFO, 1992b).
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Figure 7: Retrieved ghost net containing living and dead
marine organisms (Ocean Net, 2000)
There are other factors that may contribute to gillnet losses. Some may become
caught on the sea floor causing part of the net to be torn away and left on the
bottom. Whales and other cetaceans feeding in the same areas where gilinets
have been set often become tangled in the gear and result in lost nets.
Unfortunately the animal is also likely to be lost, drowning as a result of the
entanglement. Illegal gillnettlng also takes place, although the extent of this IS not
known since numbers on illegal activity are difficult to determine. In these cases
fishers may abandon their gear rather than face the consequences of being
caught by fisheries officials. Unfortunately competition and personal conflicts may
also lead to sabotage and destruction of nets belonging to others, adding to the
quantity of ghost gear already causing problems (Aquaprojects, 1992).
The long-term impact of gitrnet losses may be reduced in shallower inshore
waters where tide and wave action can roll up the netting, reducing its catching
ability (OFO. 1999a). Algal growth on the nets in shallow waters also reduces fish
capture (OFO. 1999a). However as fish harvesters move to deeper waters. net
losses become more common and catching ability is not so easily reduced. In
recent years losses in deeper waters have increased significantly over those lost
closer to shore despite the fact only a fraction of the number of vessels partake in
deepwater gillnetling compared with the many inshore vessels. As fishers move
to deeper waters they tend to continue to use gillnets intended for use in
shallower waters. which are not designed for the severe conditions of the deep
North Atlantic. This. combined wilh the fact thai deep-waler sites are difficult 10
monitor. also results in gear losses (Aquaprojects. 1992).
In addition to lost gillnets. lost pots also pose problems as ghost gear. In Atlantic
Canada snow crab (Chionoecetes opifio) is harvested using conical pots (Figure
8). These pots are sometimes losl. usually due to unfavorable weather conditions
and moving ice at the beginning of the fishing season. Research results indicate
that a losl pot. if baited. will capture crabs to its saturation level. and then decline
in Ihe number of crab due to cannibalism and amphipod predation. Throughout
the summer months this number does not tend to increase, however from
September until the following summer the pot's catch will increase again to ils
saturation level and restart the ghost-fishing cycle. Those pots lost with no bait
may also be as damaging as baited pots in the long term (Vienneau and
Moriyasu.l994).
Figure 8: Sketch of a traditional Newfoundland snow crab pot
(www.nfJ.dfo-mpo.gc.caJfmlppcJPubs)
The length of time for which lost gear continues to fISh has nol yet been
determined. Some reports state thai ghost gear may fish for up 10 len years while
others argue Ihat after a few weeks the gear is no longer able 10 capture fish and
shellfish. The studies that have been conducted on this matter have determined
that a variety of factors affect the fishing abilities of lost gear. induding the type of
material used for the netting, the condition of floats and weights. tides and
currents, and deplh.
A study conducted off the coast of Norway in July of 2000 concluded thai lost
gillnets may be very effective at fishing for quite some time. especially in deeper
(80 m) waters. Humborstad et al (2000) studied gillnets thai had been cut loose.
to simulate loss, and fourld that even after 45 days the nets showed no signs of
wear and tear. nor any fouting by organisms such as crab. and after 45 days the
average catch was 480 fish per set. This did not include the fish that had already
been caught and eaten or decomposed. At such deep depths Humborstad et al
(2000) concluded that degradation of monofilament gillnets is slow and they may
continue to fish very effectively for quite some time. In fact. another study by Carr
and Cooper (1987), found that groundfish gillnets that had been lost at least four
years caught 15% as many fish as commercial nets would normally fish. This
represents a very high rate of unaccounted mortality that. along with fishing
mortality, is contributing to the depletion of fish stocks.
4. RESPONSES TO FISHING EFFECTS
With so many stakeholders and other organizations with interests in the fishing
industry there are bound to be many conflicting points of view. many differing
values. ideas and opinions. Scientists will daim objectivity in their opinions.
conservationists will value other, more subjective opinions and economists will be
likely to have other arguments regarding employment and growth (Cole-King.
1993). Such differences in opinion have brought the issue of conservation
harvesting to the surface. resulting in heated debates and encouraging pro-active
approaches to improve fishing gears so that the effects on the marine
environment are reduced to a minimum.
•.1. Environmental Group! and Other Non-Govemmental Organizations
Environmental groups and other non-governmental organizations (NGOs) exist in
a variety of extremes and are diverse in their opinions and goals. It is unfortunate
that a stereotype has been cast that portrays many of these groups as extremists
who demand a total cessation of all activities thaI affect the natural environment.
In fact this view only represents a very small proportion of environmental groups.
There are others that are more than willing to cooperate with the fishing industry,
to wort<. towards a common goal whereby people are able to continue to make a
living while the marine environment is protected in the best possible way. with
damage inflicted by humans kept to a minimum.
Increasingly, however, environmental groups are questioning fishing practices
around the world, challenging the methods used to harvest fish. the bycatch
levels, the impacts on endangered species and on essential fish habitat, and a
number of other related issues. Many of these interest groups, such as
Greenpeace and SeaWeb. are quite powerful and are challenging the global
seafood industry at a level never experienced before. The future viability of the
enlire seafood industry is at stake, inclUding many of the jobs both directly and
indirectly related to the fishery. The fishery is an extensive industl)', including not
only fish harvesters. processors and government workers involved in the
management of the resource. but also wholesalers, distributors, retailers, and
gear and equipment suppliers.
Some of these groups have gone so far as to take legal action against
government fisheries agencies. In May 2000 the Conservation law Foundation,
the Centre for Marine Conservation. the National Audubon Society. and the
Natural Resources Defense Council. filed a lawsuit in Washington, D.C. charging
that the National Marine Fisheries Service is violating the U.S. Sustainable
Fisheries Act of 1996 by allowing the continued overfishing of groundfish. such
as cod. haddock and yellowtail flounder. off the coast of New England. The
groups also charged that since NMFS has not taken action to prevent this
overfishing, as is required by law. it is jeopardizing the ecological and economic
health of the fishery (U.S. District Court for the District of Columbia. 2000). This
case has not yet been resolved.
Similarly. in July 2001 the Ecology Action Centre (EAC) of Halifax, Nova Scotia,
filed a lawsuit against OFO for deciding to re-open Georges Bank off Nova Scotia
to trawlers. The EAC believes that trawling and dragging damages fish habitat
and that DFO should encourage the use of (ess destructive gear as well as
restrict trawlers and draggers to areas with less sensitive habitats. Canada's
Fisheries Act prohibits the harmful alteration, disruption or destruction of fish
habitat, and the EAC feels that DFO is violating the Act by allowing trawling on
Georges Bank (Ecology Action Centre, 2001).
The fishing industry, the employment it creates and its other economic spin-offs
will depend on how issues with such powerful interest groups are handled. A
commitment to resource conservation from the fishing industry, as wen as a
follow-up to that commitment, will improve relations with these interest groups
once major improvements in the way fisheries are conducted and managed ate
accomplished. Cooperation between the seafood industry and the environmental
movement will eventually be the only way for the fishing industry to survive
(Johnson, 2000).
".2. Media
It is not surprising that media forums such as newspapers and television news
programs print articles and report stories that will attract the most attention. The
same situation holds true for topics surrounding fisheries issues and related
conservation issues. This is especially true for areas such as Atlantic Canada
where the fishing industry plays a major role in the lives of a large proportion of
the population and fisheries issues are of great interest and considerable
concern. News about fisheries and marine resource issues attracts large
audiences. According to a survey conducted by Environics Research Group, the
majority of Canadians rely mainly on television and newspaper coverage as their
source of information when it comes to fisheries issues (OFO, 2oooa), This
indicates that Canadians' knowledge of fisheries is heavily influenced by what is
reported in the media; therefore it is necessary that the media portray an
accurate picture of the industry,
The media is very selective about what is reported and this somewhat biased
form of education often leads to distorted opinions and misleading ideas,
especially to those who are otherwise uninformed on the SUbject mailer. This is
not to say that positive stories are not reported, but it appears that more often
than not it is the sensational story that casts a negative shadow over the fishing
industry that is reported to the public.
Very little, if any. literature exists on the effects of media attention on fisheries
and developments in conservation harvesting. However a personal review of
recent newspapers artides indicated that negative stories about fisheries issues
are far more common than those of a positive nature, despite the increasing
efforts in conservation harvesting and the developments of new technology,
which should lead to improvements in the fishery.
In January of 1999 The Evening Telegram, a prominent newspaper in
Newfoundland, printed many articles surrounding fishery issues. Several of those
were related to harvesting issues, each one depicting some unfavorable aspect
of harvesting activities. The following illustrate some of the negative media
coverage surrounding fisheries in this one-month period alone:
On Sunday, January 17tn an opinion article by Cabot Martin criticized the
government for allowing trawling to take place in Atlantic Canadian waters
and suggested that the idea of marine protected areas is a viable concept that
will allow dragging to take place only in designated areas. Martin used the
term "draggers", another term for trawlers but one that connotes a negative
image of the nets uprooting everything in their paths, emphasizing his remark
that this is a destructive form of technology (Martin. 1999)
Monday, January 18111 revealed another article on the destructive effects of
trawling. summarizing the aforementioned series of articles published in
Conservation Biology in December 1998 In comparing fishing to forest
clearculling the author wrote:
"The area of forest loss in the world each year equals about the
size of the Gulf of Maine and George's Bank, The area trawled is
about 150 times larger -larger than all of Canada" (Surette. 1999).
In his article Surette failed to mention that although the combined total area
trawled may be quite large. much of it is repetitive trawling in the same areas
and. in effect, the actual total area trawled is much less than this. Although some
fisheries may be spread out over large bottom areas, the majority of fisheries are
localized, taking place in areas where the larget species are concentrated. In
addition to this, not all trawling takes place on the sea floor. Surette should have
distinguished between bottom trawling, which does contact the seabed. and
pelagic trawling, which takes place in the water column and has no contact with
the seabed. Readers whose lack of knowledge and understanding of the facts
involved are often misinformed by comments such as that made by Surette. This
may lead to strong opinions on one side of an argument where the other sides
are rarely heard or understood.
At the same time. another article printed in The Evening Telegram cast a shadow
on the effects of fishing. The article, entitled ·Save the Whales·, discussed a
Newfoundland-based whale research group and its accomplishments. The
article's aim was not to criticize fisheries, but it did describe instances where
whales, sharks and dolphins have been caught in fishing nets (Benson. 1999).
Although these instances were factual. and do cause concern for bycatch of
large marine life. statements such as these are often the start of a movement to
ban fishing nets and other forms of fish harvesting. These issues do need 10 be
addressed. however more articles of a positive focus on fisheries would provide a
balance of information about fisheries issues, on which people can base their
views and opinions
However the Benson article did go on to say that a program has been put into
place whereby acoustic alarms on nets are used to prevent whales and other
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large marine animals from colliding with the fixed gear. The alarms have been a
success with a seventy percent reduction in whale entanglements in gear
(Benson, 1999).
Fish harvesters themselves also feel thai the media is selective in what is
reported. In a 1999 worKshop on minimizing seabed impacts of trawling gear.
many discussions turned 10 the negative image of trawling and its impacts and
the manner in which it is portrayed by the media. One participant commented
that "The media is only interested in 'bad press' and when there are 'good news'
items they never make it to publication" (OFO, 1999b). The main subject of the
workshop was minimizing seabed impacts, so the discussion on the media was
short-lived. However. it is an important topic that some harvesters felt strongly
about. and, if given the opportunity, they may be open to further discussion on
the matter. It should not be out of the question to hold another workshop on the
media's portrayal of the fishing industry, allowing fish harvesters and other
industry representatives to discuss their concerns and to generate possible
solutions that would help the media describe more of the positive aspects of the
fishing industry.
It is possible that selective reporting may be only part of the reason why there are
so few articles and accounts of conservation harvesting developments. Perhaps
those involved in the harvesting side of the fishing industry feel that by making it
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known that they are working to improve harvesting technology for conservation
purposes they are also admitting that a problem exists. If the media were to
report accounts of individual fishermen or large harvesting companies searching
for solutions it may indicate to the public that there are problems that require
solutions.
To portray the Atlantic Canadian fishery in a more positive light. it is necessary
that efforts in the area of conservation harvesting be made known to reporters
and newsgroups. This will ensure that the people of Atlantic Canada are aware of
the issues and are exposed to a broad range of opinions and ideas so that they
can make informed, unbiased decisions regarding fisheries matters. Making use
of existing programs such as the Fishen"es Broadcast on ese Radio, Land and
Sea on CSC Television, and The Fishery Now on Newfoundland Television to
broadcast new developments in fisheries would also help to spread information
to a wide audience. Phone-in radio talk shows, such as Open-Line on VOCM in
Newfoundland. and letters to the Editor in local and national Newspapers are
also means to bring fisheries issues to the public's attention. If members of the
fishing industry wish to let others know about new developments and
improvements in the fishery. they should make use of these readily available
media outlets.
4.3. Public Concerns
Fisheries resources are public resources. or common property. Therefore the
public will have input in decision·making, even though it may not always be
welcome by industry and government decision-makers. Public concerns
surrounding the effects of fishing are influenced by a variety of factors. but the
information put forth by environmental groups and media sources are probably
the most influential.
It is unfortunate that negative images portrayed by the media often set members
of the general public against those who harvest fish for a living. And. according to
a Massachusetts fisherman, it is sometimes difficult for fish harvesters to see that
what they do for a living is a public matter. despite the common property nature
of the resource (Stuart. 1995).
However. the opinions of the pUblic regarding environmental issues have
increasingly more influence on those making decisions that affect fisheries
policies and regulations. For example, in the area of Port Phillip Bay. Australia.
all scallop licences were cancelled in 1997 because of public concern about the
environmental effects of scallop dredging (Currie and Parry. 1999). In Canada
the Fisheries Resource Conservation Council (FRCC) provides
recommendations to the Minister of Fisheries and Oceans on such issues as
total allowable catches, scientific research and conservation measures (FRCC,
1998). FRCC recommendations are public and are open to public scrutiny and
opinions. ensuring that all Canadians have the opportunity to participate in
decision-making. It is only a matter of time before public interest in the
environmental effects of fIShing influences decisions to dose fisheries in the
Atlantic Canadian region.
It is important to realize that members of the general public are also the
consumers who will eventually make the final decision on which seafood
products to choose and their impressions on fisheries will be reflected by their
choices. This is discussed further in the following section on markets and eco-
labels.
...... Markets and Eco-Labels
It is becoming increasingly common that fish consumers demand that the
seafood products they purchase be caught using ~environmentally friendly~
methods. Suppliers of fish products are finding that international mal1tets demand
assurances that the raw materials being purchased come from responsibly
managed ecosystems and that they are harvested and extracted by sustainable
means (Sproul. 1997).
~Eco-labels~ or ~9reen labels~ are now a common trend as more consumers use
them in choosing seafood proeucts. Seafood companies are now more
widespread in their use of eco-Iabels as part of a plan to invotve consumers in
the active enhancement of sustainability in fisheries (Blichfeldt. 1998). These
labels may be defined as -seals of approval" given to products that are
recogniZed as having fewer impacts on the environment than similar products
(Deere. 1999). For example dolphin-safe labels are seen on many lUna products.
making them the choice of products for consumers. particularly those concerned
with dolphin safety in tuna fisheries. labeling these products as ~dolphin-safe~ is
subject 10 detailed rules, which are enforced by the U.S. National Marine
Fisheries Service under the Dolphin Protection Consumer Information Act. It
requires that ~dolphin-safe" products be accompanied by documentation showing
that the tuna was not caught by means harmful to dolphins. This means that the
tuna cannot be caught using large-scale driftnets on the high seas, or by large
purse·seine vessels unless documentation is provided stating by an observer
and the captain that the luna was not caught by deploying the net on or around
dolphins (National Fisheries Institute. 1992).
According to Carolyn Deere of the World Conservation Union. "eco-Iabelling has
been endorsed by the international community as one of the tools that can help
improve environmental management through market-based means' (Deere.
1999). One of the major arguments for green labels is that they allow consumers
to exercise their right to gather information about products, inclUding information
that may be related to their values and concern for the marine environment.
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Eco-Iabefs are a fast-growing presence in the marketplace. Although strict and
detailed guidelines and international standards have yet to be established for the
use of these labels on seafood products. there is little doubt that in the near
future they will be a strong force in the seafood market and will affect consumers'
choices. This should therefore be an incentive for Atlantic Canadian fish
harvesters and managers to ensure that conservation harvesting technologies
are developed and put into widespread use. This will ensure that the
requirements needed to meet eco-label standards are achieved and that Atlantic
Canadian fish products will not be boycotted and will continue to be in demand in
the global fish market.
The Marine Stewardship Council (MSC), established in 1997. was formed based
on the realization that mar1<et incentives have the ability to improve fisheries
management in such a way thai sustainability and economic stability are possible
and that such incentives can 'provide the fishers. processors and retailers with
greater security of supply and employment than has been possible to date~
(MSC. 1998). The Council has outlined Principles and Criteria that will enable
conforming fisheries to become eligible for certification through MSC·accredited
certifiers. Such certification will allow consumers to select fish products with the
confidence that their purchases came from sustainable. well-managed resources
The use of eco-fabels will enable these certified fish products to be recognized by
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consumers as having been caught in an environmentally-friendly manner and will
be an incentive for fish harvesters to demonstrate that they are fishing with
conservation in mind if they wish to be certified and compete in the global
seafood market.
During the International Boston Seafood Show in March 2000, the MSC
introduced consumers and industry to its first eco-Iabelled seafood (Fiorillo,
2000). The Western Australian rock lobster fishery was recently certified by the
MSC and the product is now able to carry the new "Fish Forever" label. which is
expected to increase demand for Western Australian rock lobster. Since those
fisheries with MSC certification receive regular reviews, audits and annual reo
certification, it is ensured that the fishery will remain sustainable and that fish
harvesters and suppliers will also benefrt by receiving higher profits from their
certified products.
If fisheries in Atlantic Canada are able to receive MSC certification. similar
benefits could be accrued in the fishing industry, increasing demand for seafood
products from the area and boosting economic returns to the industry.
Such mediums as magazine and newspaper articles, news programs, and other
media influences. as discussed earlier, also affect consumer choices. In 1998 the
National Audubon Society published The Audubon Guide to Seafood to help
consumers make infenned choices when choosing seafood (Safina. 1998). The
guide lists seafood groups and a number of marine species for which it briefly
describes the population status, ranks management regulation, and outlines any
bycatch and habitat concerns for each particular group. By informing consumers
through such a list, it is hoped that they will be better able to choose seafood.
confident in their decisions that their seafood products come from abundant
populations and properly managed fisheries.
Since it is consumers' choices that affect which fISh products are purchased, it is
up to suppliers to provide them with the products they desire. It appears that
future trends in consumer seafood choices win dictate how fisheries are
managed. Increasing demands for products from healthy. well-managed
fisheries. with minimal environmental impacts will require fisheries managers to
ensure that fisheries are not oller-exploited and that fish are harvested in
manners that halle the least effects on the marine environment. The conserllation
if marine resources will play a major role in all aspects of future fisheries,
especially in harvesting and fisheries management.
•.5. Fish Harvesters
The fishery crisis that struck Atlantic Canada with the Northern cod moratorium in
July 1992 and subsequent moratoria of several other cod fish stocks has become
a worldwide example of fisheries management gone wrong. Although many
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factors have been cited as the reason for the collapse of cod and other fisheries.
it is undeniable that lack of concern for the state of the fish stocks and insufflCierlt
focus on conservation of the fish resources was a major part of the reason. No
one knows the impacts of a fishery collapse better than the fishers and
processing workers in Atlantic Canada, whose livelihoods were devastated by
fishery closures, Along with this came the realization that it is vital to work
towards rebuilding and protecting fisheries resources and that conservation must
be foremost in a fishery if it is to be sustainable. Many Atlantic Canadian fish
harvesters now show great concern for their fisheries resources and play major
roles in the development and implementation of conservation harvesting
techniques.
Many fishers are concerned about the state of the fish slacks on which they
depend to earn a living. So great is the concern of some that in the winter of
2000 fishermen in Placentia Bay recognized that the cod population in the bay
was not as large and healthy as was earfier thought and, to protect the fishery,
asked DFO to close the fIShery in the area. Placing such concern above their
livelihoods demonstrated that fishers are willing to make sacrifices at the present
time to ensure a sustainable fishery will exist for future generations.
Fish harvesters are also concerned with bycatch and have been taking measures
to reduce bycatch by using sorting grates, increasing mesh sizes and using other
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such techniques. Nol only is bycatch a concern from the point of view that it
damages fish stocks. it is also a concern to fishers because it requires lhe use of
more time and energy that could be better used elsewhere. Bycatch can reduce
fIShing time as the unwanted fish cause the net to f~1 up more quickly and. once it
is brought aboard. the bycatch must be sorted from the targeted species. This
can lake away from lime that might otherwise be used for other fishing activity. In
the long run this reduces efficiency and can become costly.
Also worthy of consideration is the fact that if bycatch levels become problematic
there is the possibility that area closures may result. This gives further incentive
to reduce bycatch levels 10 a minimum. Of course most fish harvesters are not
only concerned with saving time. energy and money and making sure lhat fishing
areas remain open for their own benefit. they are also concerned with ensuring
that depleted stocks are given the opportunity to recover and protecting the
marine environment Despite the common misconception that fishermen do not
care. many are. in fact. very much involved in reducing bycatch and trying to
minimize fishing gear effects. Some have even taken the initiative to develop
programs aimed at helping fISh harvesters work towards improving conservation
harvesting in Atlantic Canada, a positive indication that those closest to the
resource are indeed working towards sustaining the fish resource base for
generations to come. An example of this is the Canadian Code of Conduct for
Responsible Fishing Operations developed in 1998 by Canadian fishers. The
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Code contains principles and guidelines for all commercial fishing operations that
take place in Canadian walers and will contribute 10 conservation of stocks and
protection of the marine environment far into the future (Anonymous, 1998).
Not all harvesters, however. show this concern for their fishing effects on the
environment. nOf are they all concerned with conservation. Despite the poor state
of the cod stock in area 3Ps on the south coast of Newfoundland, the fishery
remains open. mainly because of pressure from fish harvesters. Juvenile turbot
bycatch in inshore shrimp fisheries and the destruction of crab by turbot gillnets
still pose serious threats to turbot and crab populations. yet most fishers have not
had the desire to stop these destructive practices. When it comes to conservation
and working towards sustainable fisheries some harvesters may be concerned
and are trying to come up with solutions, but the fishing industry as a whole has
not changed dramatically (Blackwood, 2001).
Programs for fish harvesters providing education about the biology of fish,
including life cycles. habitat and behavlour of fish as well as overall education
about Ihe marine environment as a whole will help fishers to better understand
the complexity of the resource. For example, the Fishing Technology Unit at the
Fisheries and Marine Institute in S1. John's, Newfoundland, conducts practical
workshops on a variety of harvesting-related topics, including such workshops on
mobile gear selectivity, theory of trawl design, and salmon and cod traps (Marine
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Institute, 2000). The Canadian Council of Professional Fish Harvesters (CCPFH)
also promotes the education and training of Canadian fish harvesters. In
particular. the Council addresses the professionaliZation of harvesters to ensure
that they have the skills required to meet the requirements of the fishing industry
in a professional manner (CCPFH. 2001). In 1994 the New Brunswick
Department of Fisheries and Aquaculture and the Federal Department of
Fisheries and Oceans successfully developed an Industrial Training Course in
Responsible Fishing. The objective of this program was stated as
"The creation of an understanding of the issues facing the industry and
through knowledge of and practice in responsible fishing to ensure that
participants obtain optimum competency in those subject areas required
for the long-term viability of the fishery." (Fisheries Council of Canada.
1997)
This additional education for fish harvesters. combined with their already vast
knowiedge and experience on the ocean. will contribute towards efforts for
achieving sustainable fisheries.
4.6. Govemment
In Canada both the Department of Fisheries and Oceans (DFO) and the
Northwest Atlantic Fisheries Organization (NAFO) oversee the management of
fisheries, each implementing regulations and policies to control fisheries.
observing fishing practices, and conducting research in many forms. including
.,
resource surveys and collecting catch data from commercial fisheries, to gather
information to be used in assessing the state of fish stocks.
NAFO is responsible for the Regulatory area that lies outside Canada's 200-mile
limit, which essentially is the Nose and Tail of the Grand Banks and the Flemish
Cap. while Canada is mainly responsible for fisheries inside the 200-mile limit.
However. NAFO and DFO work closely to share resource data, develop
conservation measures, and NAFO provides advice to Canada about the status
of various stocks within the Canadian zones (Parsons. 1993)
In recent years DFO has turned its focus to preserving the ocean and the marine
life contained within it. A great deal of emphasis has been placed on
conservation and the manner in which fisheries take place. As part of this new
approach to management, Canada's Ocean's Act came into force in December
1996. Part II of the Act. entitled 'Oceans Management Strategy' (OMS) is built on
an ecosystem approach to oceans management and is based on the principles of
integrated resource management. sustainable development and the
precautionary principle. The OMS directs the Minister of Fisheries and Oceans to
involve stakeholders in integrated management plans so that representatives
from various sectors of the fishing industry and the general public are able share
their ideas and have some influence on management decisions with both
regional and national goals in mind. In addition to this the OMS also allows the
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Minister to establish Marine Protected Areas, establish and enforce criteria and
standards to conserve and protect ecosystem health. and develop Management
Plans, provided these are all used within the context of the integrated
management plans.
The Government of Canada has developed several programs designed to
encourage environmentally friendly and sustainable fishing practices and to
continue fisheries research. The following are samples of some of these
programs.
The Fishing Gear Selectivity Program was introduced after the groundfish
moratoria of 1992 and 1993 with fUnding provided by the Atlantic Fisheries
Adjustment Program (AFAP) and the Quebec Federal Fisheries Development
Program (QFFDP). During 1992193 alone, 32 projects were approved at a value
of over S3 million. Projects induded a ghost net study. separator trawl research.
a study of mesh size and shape. and a marine mammal bycatch study (DFO.
1992/93)_ Not only did the program provide valuable research results to be used
in designing and implementing selective fishing gear in the future, it also provided
Atlantic Canadian fish harvesters displaced by the moratoria with opportunities to
use their fishing skills to help improve the fishery of the future and to adjust to
changing circumstances. The projects were beneficial to all sectors of the fishing
industry.
The Canadian Fish Harvesting Program for Responsible Fishing, set forth in
1992, was designed 10 provide solutions to serious fish resource problems and a
growing environmental consciousness. Consultations among representatives of
the Canadian fishing industry and international consultations were a vital starting
point for the program. Research forrowed in fishing vessel design, technology
transfer and training and gear selectivity. and assessment studies were
conducted on lost and abandoned gear and on fish discarding. In Atlantic
Canada gear selectivity workshops were held involving fishing gear experts from
across Canada and around the globe. These workshops were invaluable to
participants who focussed on the needs for future work in gear selectivity
experimentation (OFO. 1992a).
DFO also works closely with fishermen and fishing companies as well as other
industry representatives to conduct research and collect data to better estimate
the health and size of various fish stocks and to test new harvesting gear and
methods needed to improve the conservation aspects of harvesting. A case in
point in Newfoundland involved a jointly administered development between the
Federal Department of Fisheries and Oceans and the Provincial Department of
Fisheries and Aquaculture entitled the Cooperation Agreement on Fishing
Industry Development (CAFIDl. a multi-year development agreement started in
lhe late 1990s (CAFID. 1997). With funding provided through CAFIQ and Fishery
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Products International (FPI). a major international fish harvesting and processing
company. several experiments were conducted on board an FPI vessel to test
shrimp size selectivity in an in-trawl sorting system. The results showed a
minimal increase in the siZe of the shrimp entering the eadend, but this small
increase did slightly improve the value of the shrYnp (CAFID. 1998). Such joint
projects between various representatives of the fishing industry are quite
common in Atlantic Canada and are an essential part of developing and
improving conservation harvesting techniques. They also help 10 improve
communication among Ihe various sectors and encourage the generation of new
ideas and suggestions that might further benefitlhe fishing industry.
OFO and NAFO are also responsible for setting forth regulations and policies to
control fIShing gear and the quantities of fish caught in keeping with the
Department's management plans. Some of these regulations that have been
implemented are related to new fIShing technologies that have been recentty
developed. such as the mandatory use of separating grates in shrimp fisheries.
General regulations outlined in the Atlantic Fishery Regulations (DFO. 1985)
have also been imposed as part of DFO's commitment to ensuring that
conservation is an important element in harvesting fish. As an extension of this,
more specific details with regards to these regulations are contained in
documents specific to various fleets sectors. For example, the Atlantic Canadian
Conservation Harvesting Plan for vessels greater than 100' lists minimum mesh
sizes. maximum bycatch levels. small fish protocols and area closures. among
other conservation measures for each groundfish fishery in Atlantic Canada
(DFO. 1999c). These regulations ensure that small fish are left in the water to
grow and reproduce and to be recruited to the fishery at a later time. They also
minimize the numbers of non-targeted and undersized fish that are caught.
Careful monitoring of bycatch levels in various fisheries allows closure of a
fishery in an area if levels exceed regulatory limits over a specified period of time.
Despite the imposition of government regulations and policies. they only help to
control some of the problems rather than solving all of them. and there are still
numerous problems associated with bycatch. over-exploitation. habitat
disturbance and other related issues. As is discussed in the following section.
input from various sectors of the fishing industry and groups representing public
opinions are also vital to the achievement of sustainable fisheries.
4.7. Interactions Among Stakeholders and Others Influencing Fisheries
Each of the influences encouraging conservation harvesting as discussed above
cannot be considered a separate entity existing without any relationship with the
others. The media influences the public's ideas and opinions based on what is
reported and how it is portrayed. The public in turn makes decisions that will
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affect market demands and prices. This affects fish harvesters in determining
what species they will target and the manner in which they will harvest the
product. Environmental and other groups maintain a constant check on the
harvesting of many high profile species (e.g. swordfish) using the media as an
outlet when something does not comply with the regulations set forth by
governing bodies or when harvesting practices do not coincide with the groups'
beliefs and opinions. Figure 9 summarizes the complex relationships discussed
in this paper that can develop where conservation harvesting is concerned.
Certainly this paper can only deal with a small portion of a broader picture with
additional factors and a more complex web of relationships and influences.
Detemlining Factors in
Conservation Harvesting
Figure 9: Determining factors in conservation harvesting
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5. DEVELOPMENT OF CONSERVATION HARVESTING
5.1. Gear Selectivity
Fishing gear selectivity appears to be the area in which the most
accomplishments have been achieved in conservation harvesting. Often the
modifications made to gear to improve selectivity are relatively simple,
inexpensive and still allow for fishers to continue to fish with the advantage of
reduced bycatch which. in turn, often results in reduced costs and less wastage
of the ocean's resources
The Department of Fisheries and Oceans (1992/93) defines selectivity as:
"the ability 10 target and capture fish by size and species during
harvesting operations. allowing bycatch i.e. small (or juvenile) fish
and non-target species 10 escape unharmed"
and goes on 10 say thai selectivity requires that harvesters shift from the
traditional emphasis on the quantity of fish landed to harvesting only those that
are wanted and allowing those that are not wanted to be released, reducing
pressure on the populations of target and non-target species.
Before fish can be selectively captured or released during fishing operations it is
first important to understand how they are retained in the gear. Retention is
determined by the physical parameters of the gear (e.g. mesh size and shape,
twine thickness and stretching characteristics), tow duration and speed, the
fishing technique being used, the biological characteristics (behavioural and
morphological features) of the fish (Bublitz, 1995) and the catch size. The
following gear selectivity devices and features use one or a combination of
several of these retention characteristics to allow unwanted fish to escape while
optimizing the retention of commercial fISh.
The Nordm0re grate (Figure 10) was originally developed in Norway and was
tested extensively in Newfoundland waters. The Nordm0re grate is a selectivity
device consisting of a rigid grid with closely spaced bars (minimum regulatory bar
spacing of 22mm) that is attached to the inside of a trawl ahead of the codend. It
directs large non-target species to an opening at the lOP of the net where they
can escape, while allowing smaller targeled species 10 pass through the grid
towards the eadend. It has been particularty useful in shrimp fisheries and. since
its introduction in Atlantic Canada in 1993, it has been quite successful in
redUcing groundfrsh bycatch in the northern shrimp frshery. The grate has since
become mandatory in all inshore shrimp fisheries and in offshore shrimp fishing
areas where groundfish bycatch exceeds 300kg per day, although many captains
prefer to use the grid at all times (DFO, 1996).
Figure 10: Nordm0re grate (adapted from DFO, 1996)
Althou9h the Nordm0re grate has been successful in reducing finfish bycatch, it
is not effective in reducing the capture of smaller, less valuable shrimp. In
response to this a multi-grate system has been developed. This system is a
combination of the Nordm0re grate and a shrimp size selectivity grate. The
Nordmme grate first allows large finfish bycatch to escape from the net. Once the
shrimp have passed through this first grate they are guided by a mesh panel to
the bottom of the size-sorting grid, which has a grate with much more closely
spaced bars than the Nordm0re grid. The small shrimp are able to pass through
the second grid and exit through an opening in the bottom of the net while larger
shrimp pass over the top of the grid and enter the codend (Figure 11).
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Figure 11: Multi-grid shrimp size-sorting system (DFO, 1996)
Other modifications to trawls continue to be investigated as possible ways to
reduce bycatch in various fisheries. Other separator grid systems, plasticized exit
windows, horizontal separator panels, and groundrope and headline height
adjustments are just a few of many possible solutions to bycatch problems.
Historically, increasing mesh size has probably been the most common and
simplest method of allowing small fish to escape, thus reducing bycatch. The
Conservation Harvesting Plan for Atlantic Canada (DFO, 1999c) sets out
minimum mesh sizes that should allow commercial sized fish to be taken while
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keeping undersized bycatch to a minimum. Unfortunately this is not always
successful and in some fisheries, especially where larger species are targeted,
the minimum mesh size is not always large enough to prevent the capture of
most juveniles. Often harvesters choose to use mesh sizes larger than the
regulatory sizes. especially when juvenile bycatch is a problem. However, there
is a point at which increasing the mesh size becomes uneconomical for
commercial fishing operations. as more and more commercial sized fish are able
10 escape from the net as mesh size is increased.
In 1996 a mesh size selectivity study was conducted in the Danish seine fleet in
the Gulf of 51. Lawrence. where a high bycatch of cod had been resulting in
closures of the American plaice and witch flounder fisheries. Using a large
square mesh (159mm V$. 145mm) resulted in a reduction of cod bycatch.
supporting previous study results that indicate that increasing mesh size does
indeed reduce bycatch.
Mesh shape is also an important factor in selectivity. In order for small fish to
escape from a codend the meshes must be open. However. when a diamond
mesh is used the meshes tend to close as the codend becomes full and the
codend begins to stretch. The closing of the mesh under pressure prevents
bycatch from escaping. Maintaining open mesh is an important feature for
selective fishing gear. Using a mesh shape such as a square mesh that will
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remain open under load should allow better escapement of small fish and some
non-target species.
In 1992-93, as part of the Fishing Gear Selectivity Program. several projects
were undertaken 10 sludy optimum mesh conflgurations for several types of
fishing gear. One particular project that took place in Newfoundlalld tested the
effectiveness of a large square mesh codend 10 reduce cod bycatch while
targeting American Plaice (not a targeted species in Ihe Newfoundland region at
the present time, but has been a major target species since the 1940s until
1993). A trawl with twin codends was used in the experiment, one codend with a
183mm square mesh, and Ihe control codend with a 44mm diamond mesh. The
average length of cod in the combined catches was 84cm. while the average
length of cod in the control codend was 32cm. The catch from each low in the
large square mesh codend usually contained about 10 to 20 large cod, while the
catch in the small mesh codend usually consisted of 10 to 20 large cod and
several hundred small cod. Compared with the smaller diamond mesh eadend.
the square mesh codend allowed ali small cod 10 escape (OFO. 1992193). Since
that time other studies have also indicated that square mesh codends lend to
retain more juvenile flatfish while allowing more juvenile roundfish. such as cod,
to escape. These differences in body shape are key when trying to separate
species.
Another way 10 maintain open mesh in a codend is through the use of lastridge
ropes. lastridge ropes are positioned lengthwise along the codend. generally
along the join seam of the top and bonom panels. to reinforce the trawl. Making
these ropes shorter should allow them to absorb the towing load and prevent the
meshes from befng distorted and pulled closed by the load. thereby allowing
small fish and other organisms to escape through the open mesh (DFO. 1999a).
Experiments conducted in the Gulf of St. lawrence as part of a lastridge Rope
Selectivity Program concluded that shorter lastridge ropes do indeed improve
selectivity. lastridge ropes hung at 72% proved to be the most selective. while
those hung at 85% improved selectivity without reducing operating efficiency.
making it the preferred ratio for commercial use (Figure 12). The study also
concluded that the survival rate of small roundflSh that escape from a codend is
higher when lasltidge rope codends are used rather than when regUlar diamond
mesh codends are used. The shortened Iastridge ropes allowed the small fish to
escape more easily and reduced injuries. thereby improving their chances of
survival (OFO. 1994d).
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Figure 12: lastridge ropes in a codend. Top picture shows a hanging ratio
of 100%; bottom picture shows a lower hanging ratio, improving
selectivity of the codend. (DFO, 1994d)
When the targeted species and non-targeted species are quite different in body
shape, using a square or diamond mesh may be a relatively easy solution to
reducing bycatch of the non-targeted species. As in the previous example, cod
and flatfish are very different in body shape. Based on the size and shape of the
targeted species and the bycatch that often occurs when directing for this
species, a codend can be chosen based on its mesh size and shape (Figures
13a and 13b). Using a composite mesh codend. such as one with a diamond
mesh bottom and a square mesh top or any other configuration with a variety of
such features may also help to reduce bycatch while optimizing the catch of the
target species. These composite codends are often based on body shape,
behaviour or a number of other factors that affect fish capture and retention.
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a) Juvenile flatfish conform more easily to a diamond mesh shape:
b) Juvenile roundfish are more likely to escape through a square mesh:
D
Figure 13: Mesh shape affects escapement of different body shapes
Similarly, cod traps may also be modified to have various mesh size and shape
configurations. A study conducted in the summer of 1990 concluded that
increasing the minimum mesh size in a cod trap from 89mm to 102mm resulted
in significantly fewer small fish being retained in the traps. The results also
indicated that using a square mesh might have also allowed more small cod to
escape (Brothers and Hollett, 1992).
Another development improving the selectivity of cod traps came out of a 1996
project to try to reduce the bycatch of salmon in cod traps on the West coast of
Newfoundland. The study based the experiment on the fact that salmon tend 10
swim close to the water's surface while cod generally swim lower or closer to the
bottom. Three different types of leaders were used in the experimental traps; one
with a sunken leader, which would guide the cod into the trap while the salmon
would swim over the top of the leader: another with deflectors attached to the top
of the leader, which would lead the salmon to the side of the trap, avoiding
capture: and another with the top portion of the leader constructed of large mesh
(16") to allow the shallow"swimming salmon to pass through the leader and avoid
the trap. All three methods showed positive results towards the reduction of
salmon bycatch in cod traps with 88%, 96% and 60% reductions, respectively, in
salmon bycatch for the cod traps with each type of leader (CASEC. 1996a)
In some circumstances, simply removing a portion of the net can improve
selectivity. A project in New Brunswick concluded that when fishing for American
plaice using a Danish Seine. cod bycatch can be significantly reduced by simply
removing the square and top belly from the seine and extending the headline
back over the footgear (CAFID, 1997). Such a modification was successful due
to a cod's behavioural tendency to swim upwards as the net approaches,
allowing it to escape over the headline rather than be trapped by the square and
top belly as would have occurred If they had not been removed.
There are some bycatch problems that are extremely difficult to solve, such as
when a targeted and a non-targeted species are of a similar size. exhibit similar
behaviour and are found in the same area. Such is the case in the yellowtail
flounder fishery on the Grand Banks where American plaice poses a significant
problem as bycatch. The plaice stock is extremely low on the Grand Banks and a
directed fishery moratorium has been in place since 1994. The current biomass
is estimated to be less than 10% of levels in the mid-1970s (Morgan et aI., 2001).
However the yellowtail flounder biomass appears to be growing and TACs have
been increasing annually since its moratorium ended in 1998, with the 2001 TAC
set at 13,000 mt (DFO, 2000b). The yellowtail flounder fishery is now a
successful fishery that is well managed, but because of the low stock status of
American plaice, it is necessary that its bycatch be kept to a minimum (maximum
allowable bycatch is 5% (OFO, 1999c». However, given their similarities in shape
and behaviour. it is extremely difficult 10 separate the two species in a trawl.
Studies are ongoing in the subject area but so far no solution has been found to
separate out American plaice from yellowtail flounder in the codend
longlining has also been subject to selectivity improvements. in particular by
changing Ihe size and type of hook permitted in the longline fishery, as well as
the size of the bait used. It was preViously thought that the size of the hook used
would determine the size of the fish caught. which, to a certain extent is true,
because a small fish cannot take a large hook, only small hooks. But the effect of
hook size on selectivity only becomes evident when the hooks are considerably
different in size. However. recently it has been determined that the size of the
bait has the greatest effect on the size selection of k>nglines. A large fish will take
both large and small bait sizes. whereas a small fish will only take small bait
sizes. Therefore. decreasing bait size will increase the size of the catch. but a
higher proportion will be of smaller fish (FRCC. 1994).
Bycatch in scallop fisheries is also a serious problem and attention to the matter
is escalating. At this lime selectivity in scallop rakes is limited mostly to the ring
size in the ring bag. This ensures that capture of juvenile scallops is kept to a
minimum. However incidental catches of groundfish in scallop rakes are known
to be very high and there is mounting pressure to reduce bycatch levels in this
fishery. Ways to solve this problem are currently under investigation. One
possible solution is to have a large mesh size in the top portion of the rake.
allowing captured fish to swim free from the gear. Unfortunately the solution may
not be as simple as this since altering the top part of the rake may change the
fishing ability of the gear and may also allow for the escapement of valuable
scatrops.
Shellfish pots and traps have also been developed with selectivity characteristics
in mind. In the Newfoundland snow crab fishery in Newfoundland. a T'h" high
barrier placed on top of the crab pot prevents females and small males from
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entering the pot. allowing only males with a carapace greater than 4" to enter the
pot. This also helps crab fishermen to comply with regulations that state that
female crabs and immature male crabs may not be landed. Rather than capturing
these unwanted crabs and discarding them at sea. such a barrier prevents them
from being captured in the first place. reducing stress and injury associated with
the catching and discarding process (OFA. 1997).
Simply changing selectivity characteristics of gear set oul for groundfish cannot
prevent the caplure of large marine mammals. such as seals. porpoises and
whales. However, fishermen can avoid setting their gear in areas where these
animals are known to frequent, but this is not always possible. especially when
fishing effidency is compromised. Acoustic warning devices to deter marine
mammals have been developed and tested on gillnets and cod traps in
Newfoundland waters, and are mandatory in some areas of Europe. These
devices alert marine mammals of barriers in the area. enhancing the animals'
ability 10 detect nets. Testing of the device on cod traps indicated a 70%
reduction of humpback whale collisions with the gear, a significant achievement
in the protection of whales in Atlantic Canadian waters. Before the frshing
moratorium was initiated in Newfoundland in 1992, the majority of fish harvesters
in high risk areas had begun to use these acoustic devices on their fishing gear
as standard practice (Fisheries Council of Canada. 1997).
"
Development in the area of gear selectivity has advanced rapidly in recent years.
with Atlantic Canada playing a major role in the development. testing and use of
new selective fishing gears and techniques. Research and development is
ongoing and if the past is an indication of success in the future there wiD be many
more improvements in gear selectivity in the years to come.
5.2. Reducing Impacts on the Seabed and Related Ecosystem Effects
It is clear that progress must be made in the near future to reduce contact of
fishing gear with the seabed, primarily that of otter trawls and scallop rakes. This
must be accomplished not only for the good of the marine environment but also
to meet the demands of those who are concerned about the negative impacts of
seabed contact and insist that it is destructive to fish habital and the ocean
ecosystem as a whole. Unfortunately many of the valuable species harvested
throughout the world live on or near the bottom of the ocean. Shrimp. scallops.
dams. crab and groundfish live on or near the seabed and are vital to the
economy of Atlantic Canada. To avoid seabed contact is not an option for many
species. However the need to reduce the ecosystem effects of fishing activities
has been recogniZed by the fishing industry in Atlantic Canada and in many other
parts of the world and the initiative has been taken to attempt to modify existing
fishing technology or develop new gear that allows for efficient. profitable and
sustainable harvesting while minimizing the damage to the marine environment.
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In October 1999, DFO sponsored a workshop in Newfoundland focusing on
minimiZing sea bottom impacts of trawling gear. Representatives of many sectors
of the fishing industry, including fish harvesters, gear manufacturers. provincial
and federal government experts and researchers, attended the workshop. A
major portion of the workshop was devoted to flume tank demonstrations of
bottom trawls with modifrcations to reduce contact with the seabed.
Flume tank demonstrations at the workshop featured gear designs from different
areas of Canada and the United States that have been developed and continue
to be modified to reduce seabed contact. Nordsea lid .. a company from Nova
Scotia. has been experimenting with various configurations that help to minimize
seabed contact. According to the Nordsea representative present at the
workshop. changes to wire attachments. warps and bridles can change trawl
configuration and performance in relation to the seabed. Separating footgear
from the main trawl may reduce incidents of hookups with obstacles on the sea
floor and paravanes that do not contact the bottom may be a feasible alternative
10 heavy trawl doors as spreading devices for trawls (DFO. 1999b).
Also presented at the workshop was a modified shrimp trawl with significantly
reduced seabed contact. This was a joint project between Fishery Products
International (FPI) and the Marine Institute's Fishing Technology Unit. FPl's
Skervoy 3600 shrimp trawl was modified from its original 31-bobbin footgear
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arrangement to a 9·bobbin arrangement This new configuration maintains
stability in the flume tank. Sea trials have indicated that on a soft bottom fishing
effICiency is as it had been prior to bobbin reductions (DFO, 1999b). This points
to a significant reduction in seabed contact and should lead to future
developments in reducing bottom contact of fishing gears. In fact. FPI continues
to be heavily involved in reduced seabed contact projects with the Marine
Institute
Other possible gear modifications that may result in reduced damage to the
ocean floor were also discussed at the 1999 workshop. Eliminating footgear
altogether and using only drop chains may be feasible. as long as fishing
efficiency is not compromised. Using midwater trawls near the bottom is a
possibility in some areas where few obstacles pose risks of gear damage.
Unfortunately it is diffICUlt to control the distance of a mid·water net from the
seabed, but further research may solve this problem (DFO. 1999b). Workshops
such as this one can be very productive and encourage the exchange of ideas.
Cooperation among industry representatives will hopefully result in many
successful developments that prevent or minimize bottom trawl contact with the
seabed while maintaining efficient harvesting operations.
Modifying a trawl that is meant to fish near the bottom so that it does not contact
the seabed is a difficult task. The previously mentioned projects show that some
progress has been made: yet much mare research is required to achieve the
elimination of seabed contact while maintaining high productivity. Other gear
modifiCations might include reducing toggle chains. using additional f1aals and
constructing mesh with lightweight synthetic material to lighten the weight of the
trawl. Using midwater doors rather than traditional bottom doors on a bottom
trawl would eliminate the problem of doors scouring the sea floor. Fine-tuning of
such modifications might someday result in the perfect bottom trawl - one with
high productivity, law bycatch and no bottom contact.
Using stationary or fixed gear such as cod traps and gillnets to fish for some
groundfish species is an alternative to bottom trawling since using these fishing
methods does not involve signifteant contact with the seabed. They are attached
to the seabed. which may cause a minimal amount of damage in these small
areas of contact, but they do not move over the seabed or disturb benthos.
Although cod traps have been criticized for lack of selectivity features and gillnets
can become problematic as ghost gear if they are lost. it may be feasible to work
around these problems if it ensures that the sea floor is not damaged. When
fishing efficiency is considered it is unlikely that such fixed gear will be as
effective as bottom trawls. Yel in light of the growing trend for eco-Iabeled
seafood products and the demand for fish that has been caught in a sustainable
manner, if the demand for bottom trawled products decreases, then the efficiency
changes. making fixed gear the more efficient choice of fishing method.
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The method of Ionglining is viewed as one of the most conservation friendly of all
gear types used in Atlantic Canada. Admittedly, there are some problems
associated with bycatch, including seabirds, but bottom disturbance is limited
only to breaking off structures above the seabed. such as worm tubes (FRCe.
1997). Although the catching efficiency of using longlines is much less than that
of using bottom trawls, it is an alternative that should be considered. If used on a
large scale the effICiency of using longlines may be increased white reducing
damage to the seabed that may otherwise be caused by bottom trawls.
Seining technology is yet another alternative to bottom trawls. Although seines
do contact the bottom. they are towed slower then bottom trawls and they are not
towed for extended periods of time over the seabed. minimizing the effects
fishing may have on the benthos. This may not be a suitable alternative for
harvesting all groundfish species but can be highly effective when fishing for
species such as flatfish in areas with a flat seabed and cod in shallow waters. In
fact, in the American plaice and witch flounder fISheries in NAFO division 4R,
Danish seines have been the preferred gear with which 10 harvest these species
(CAFID. 1997).
Apart from gear modifications and the use of fixed gear and seining technology,
future protection of the marine environment and essential fish habitat may !Je
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accomplished by imposing area closures. time closures and by restricting the use
of bottom trawls in particularly sensitive areas (ICES 2000). In managing the
fisheries in Atlantic Canada. both OFO and NAFO impose guidelines intended to
protect fish stocks (such as minimum mesh sizes and total allowable catches),
but there have not yet been any policies implemented by OFO or NAFO that
protect the seabed and the overall health of the marine ecosystem from fishing
activities.
The establishment of Marine Protected Area (MPAs) to protect large areas of the
ocean ecosystem has become a more widespread in recent years in other
jurisdictions. However closures of traditional fishing areas and closures during
various times of the year restrict harvesting operations and can become quite
costly for fish harvesters. MPAs have created a great deal of controversy and
there are many arguments surrounding these issues which are beyond the scope
of this paper and will not be discussed here.
5.3. Loat Gear Retrieval and Ghost Fishing Prevention
In 1975, the Department of Fisheries and Oceans (at the lime known as the
Fisheries and Marine Service of the Department of Environment) conducted a
lost giUnet retrieval experiment. the first of its kind in the Newfoundland area.
Because of the thousands of nets reported lost each year it was decided that
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such an experiment should be carried out to retrieve as many nets as possible. to
determine the extent of fishing by the ghost nets. the effects on groundfish stocks
and to test the effectiveness of creep gear that had been developed to retrieve
the nets (Way, 1976).
From the 1975 experiment it was concluded that ghost nets continue to fish at a
declining rate until one or more of the following situations occur'
The headrope and footrope twist together
Leaky floats render the net to the point of inefficiency
The weight of the catch forces the headrope to the bottom, where in areas
of high crab concentration the net becomes covered with crab, and bottom
debris eventually covers and buries the net
Crabs attracted to the fish in the net cover the net to the point that
groundfish are scared away. reducing catchability (Way, 1976).
It was also concluded that prior to becoming ineffective lost nets catch
considerable amounts of crab and groundfish. To retrieve lost gillnets three types
of retrieval gear were developed. The most effective gear was an iron pipe with
three lengths of chain attached, each length of chain having three ·creepers"
attached. The gear was towed over the seabed and the creepers. with protruding
spikes, hooked ghost nets and retrieved them from the water- Although this gear
was effective. the author recommended that for future retrieval operations
modifications would have to be made to the creeper gear to improve its
effectiveness 0/Vay, 1976)
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During the 1975 experiment, a total of 148 lost gillnets and parts of nets were
retrieved in the areas of Trinity Bay and Cape Bonavista, Newfoundland, most
containing various quantities of groundfish aoo Cfab that were alive as well as
those that were dead and decaying f'Nay, 1976). These areas represent only a
small proportion of Newfoundland's inshore waters. If one were to assume that
similar numbers of lost gitlnets existed in other areas around the island and other
areas where gillnening takes place, then it should be obvious that ghost fishing is
a problem and affects, to some degree, fish populations and biomass estimates.
Unfortunately, despite the recommendation that more retrieval projects be carried
out. not much more work was done in the Newfoundland area until the early
1980s.
In 1984 another retrieval project was conducted in Newfoundland in response to
requests from the Sl Bride's and 51. Joseph's Fishermen's Committees in the St.
Mary's Bay area. The retrieval gear used was simply an iron pipe with three
anached creepers that was lowed over the seabed, similar to that used by Way
(1976). In the area west of Cape Pine a total of 16~ nets were recovered, and
these did not contain many fish. However this was eKpected because there are
very few fish in this area during the months of February and March, when the
project took place. Another area around Cape 51. Mary's was also surveyed in
November 1984, however no gillnets were retrieved. This was likely due to some
broken spikes on the creepers that (educed the gear's effectiveness. large
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amounts of ice in Ihe previous year that may have destroyed some nets. and also
because trawlers in the area would have destroyed some of the nets in their path
(Barney, 1984).
Retrieving lost 9illnets is one of the environmental initiatives of Ocean Net, a new
aetion-oriented non-profit organization founded in Newfoundland and Labrador in
1998. To date the 9rouP has retrieved only a few gillnels. but is lobbying for
support from the federal and provincial 90vernments to put the action plan into
full operation (Ocean Net, 2000). Should Ocean Net be successful in
implementing its program it will be the only gillnet retrieval program currently in
place in Newfoundland.
There have been renewed efforts in recent years 10 prevent ghost fishing.
Preventing gear loss in the first place is the most successful way to put an end 10
this destructive form of bycatch. Umiting the number of nets allowed to be set
makes it easier 10 manage and keep track of nets in the water For example. in
the Davis Strait turbot fIShery, the Conservation Harvesting Plan (DFO, 1999)
limits the number of set gillnels to 500 nets set at 50 fathoms each. So far this
has been successful since no nels were lost after the implementation of this new
conservation rule (DFO, 1999). Imposing limits on maximum soak time ensure
that the gear is not left in the water for long periods of time. reducing the risk of
gear loss. Leaving gillnets unattended is not permitted in many areas, such as in
the Scotia-Fundy region (DFO. 2000c). which greatly reduces the likelihood Ihat
gear will be lost. Acoustic locator devices attached to the headline of giUnets can
improve the probability of finding lost gear. Notus Electronics. a Newfoundland
company. has recently developed an electronic locator system. When the system
is activated by an acoustic signal in the water the device attached to the net
begins to transmit signals that enable the fishing vessel 10 determine the location
of the net (Fisheries Council of Canada. 1997).
Beyond prevention. if nets are lost or discarded the amount of time spent ghost
fishing can be minimized if they are constructed with a biodegradable material.
This will ensure that nets will break down if they are left in Ihe water for an
elClended period of lime and break the ghost fishing cyde of the net. Shellfish
pots and traps with time-release devices or with a portion of the trap made of a
degradable material will allow the sealife trapped inside 10 escape. The problem
of lost pols in the Gulf of SI. lawrence snow crab fishery prompted the
development and introduction of a galvanic time·release mechanism. II contains
a cylinder with two metal eyelets attached to the twine of the pot (Figure 14) The
cylinder corrodes in seawater over time, releasing the eyelets and creating an
escape hatch through which trapped crabs can exit the pot, preventing ghost
fishing if crab pots are losl. This device is now a regulatory requirement in the
snow crab fishery in this area (Fisheries Council of Canada, 1997). Unfortunately
the Newfoundland Snow Crab Management Plan (DFO. 2001bl does not yet
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require the use of a galvanic time-release mechanism. Future consultations with
OFO in the Gulf of 81. Lawrence region should prompt Newfoundland snow crab
harvesters to use the device as a conservation measure for the crab populations
off the coast of Newfoundland.
Figure 14: Change in size of galvanic time release devices with increasing
corrosion. Attachments prior to immersion are shown at the top.
(Gagnon and Boudreau, 1991)
92
5.4. Policy Imphtmentation
Development of conservation harvesting in Atlantic Canada has come a long way
in the past several years. Many of the developments. such as the shrimp size
selectivity grid, improve the efficiency of harvesting operations and also improve
the landed value of the catch. But some conservation measures. such as
increased mesh size. do not always improve the catch and may sometimes lead
to the loss of commercially valuable fish.
Despite the benefit to the fish stocks and the marine environment it is not always
economically advantageous for fish harvesters to use conservation harvesting
techniques. Therefore, to ensure that conservation technology is put to use
policies and regulations have been implemented by DFO and NAFO.
Regulatory minimum mesh sizes ensure that bycatch of juvenile fish is kept at a
low level. Small fish protocols allow only a low proportion of small (juvenile) fish
in a catch. In the Grand Banks yellowtail flounder fishery, bycatch of species
such as cod and American plaice are required to be kept below a mallimum limit,
otherwise fishery closures may result. The Atlantic Canadian Conservation
Harvesting Plan contains a ~small fish protocor~, which slates undersize fish
lengths for various species. If the number of undersized fish in a catch exceeds
15%, designated fishing areas may be closed (DFO, 1999c). This is protocol is
intended to let most fish spawn at least once. thereby ensuring survival of the
species and the continuation of the fishery.
In aU Atlantic Canadian fisheries it is required that aU bycatch be landed to avoid
wasting valuable seafood. thereby eliminating discards. (The scallop fishery is an
exception, where only monkfish are required to be landed.) In fact. in 1993
Canada implemented a -no discardM rule in the Atlantic fishery regulations, which
stated that all groundfish, including bycatch, must be landed (DFO, 1994c).
In addition, the use of selectivity grids such as the Nordm0re grate is required in
areas where roundfish bycatch, such as cod. tends to be high. Numerous other
similar policies and regulations. many of which are developed in cooperation with
the fishing industry. are imposed by OFO in the Atlantic Region to ensure the
protection of fish stocks in the area.
At this tme, no regulaHons exist to prevent damage 10 the seabed. However. in
the future this is likely 10 change as technology advances and fishing gear is
developed that minimizes contact with the seabed. This will probably lead 10
implementation of policies requiring that such gear be used wherever possible.
ensuring the protection of benthic marine habitats.
Regulations to prevent ghost fishing are also in place, including the mandatory
marking of fishing gear. This will identify the owner of lost fishing gear and should
prevent the intentional disposal of gear at sea. Those who do leave gear in the
water for more than the allowable time or who dispose of gear in the ocean are
subject to heavy fines and possible incarceration.
6. COSTS AND BENEFITS ASSOCIATED WITH CONSERVATION
HARVESTING
From an economic perspective the type of fishing gear used depends on the
target species, the efficiency of the gear, its economic viability and its potential
impacts. The fishing gear or technique that is estimated to provide the greatest
economic return is the usual choice (Sainsbury, 1996), which may explain why
bottom trawls are so prevalent. However, as more and more emphasis is placed
on choosing seafood products that have been harvested in a sustainable
manner, fishing techniques that meet the standards for sustainable fisheries will
become more widespread as they will eventually provide the greatest economic
return from a discriminating marketplace. Longlining might well become a popular
choice in the future as it results in a high quality catch with minimal bycatch and
virtually no bottom contact.
Although there may be some initial costs associated with changing gear
conflQurations and learning to use the new gear. improved gear selectivity should
lead to greater fishing effICiency. improved product yields and quality and
reduced costs for fish harvesters and processors. Greater selectivity will also
mean that fewer fish will have to be sorted. requiring less time and manpower,
thus saving money. The short-term loss will be well worth the long-term gain
Using grate sorting systems in the Northern shrimp fishery has greatly improved
the quality of the catch with fewer small shrimp being caught and virtually no
finfish being caught. (An exception is the inshore shrimp fishery where bycatch of
small turbot is still a problem (Blackwood. 2001),) Such high quality catches of
shrimp are of a higher market value than were the catches prior to the use of the
sorting system. Figure 15 demonstrates the dramatic increase in the value of
Atlantic Canadian shrimp since 1989. Although this inctease can be attributed to
a number of factors. ifl particular the growing worldwide demand for shrimp
products and the increase in the actual amount of shrimp harvested, the dramatic
rise in value seen in the years from 1995 to 2000 may be partially attributed to
the growing use of grate sorting systems after their introduction in 1993.
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Figure 15: Atlantic Canadian Shrimp Values
(data from www.dfcrmpo.gc.calcommunid.statisticsllandingslland_e.htm)
Initial gear modifications may be costly, particularly for independent fishermen or
for those operating small fish harvesting companies. Investing in new nets with
different mesh sizes or shapes, and made with biodegradable material, or
purchasing a sorting grid system may not always be feasible for those in an
industry where the economy can be volatile with variable landings and
unpredictable fish prices. However it appears that in the near future demands by
seafood consumers, environmental groups and members of the general public to
harvest with conservation in mind will have to be met. Despite the initial costs,
however, harvesters should benefit in the end by providing top quality seafood
harvested in sustainable fisheries with protection of the marine environment as a
priority. The resource will also benefit as population structures are restored and
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stocks are rebuilt to historical levels. This will result in landings of higher quality
fish of greater value, reduce bycatch, and boost economic returns to the fishing
industry. The image of the fishery, as perceived by those such as
conservationists, seafood consumers, and the public in general. will also be
greatly enhanced.
7. CONCLUSION
Conservation harvesting has been an area of rapid development in Atlantic
Canada over the past several years. The proactive approaches of industry fueled
by the media and environmental groups. as well as the desire to preserve and
improve the state of the resource on which harvesters depend. have led to
improvements in fish harvesting operations. With the cooperation of government
agencies, educational institutions and others in the fishing industry, fish
harvesters have been able to combine their knowledge of fishing and share their
ideas to create new fishing gear designs and fishing techniques. As a result, the
Atlantic Canadian fishery can be regarded as being a leader in the development
of a responsible fishery, working toward sustainable fisheries for the future. and
providing future generations with a source of food and employment.
"
Since World War II lack of fisheries knowledge and overcapitalization in the
fishing industry has led to the demise of many fisheries through overexploitation
and the destruction of marine habitats. The improved science of today has
allowed us to better understand the status of fish stocks and the delicate balance
existing in the ocean environment. The development of conservation measures,
such as those discussed in this paper, along with improved management of the
resource should avoid future problems associated with overcapitalization and
overexploitation. It is fundamental to ensure that all members of the industry
realize that increasing the catch should not be the sale objective of the fishery,
but rather that our concern and understanding of the state of what remains in the
ocean are of equal significance. Once this is realized conservation harvesting will
become the purpose of the fishing industry. allowing harvesting to take place in
an efficient and sustainable manner.
8. RECOMMENDATIONS
Based on this examination of the development of conservation harvesting in
Atlantic Canada, the following recommendations are intended to improve the
existing efforts and latest developments. Although some may appear 10 be
unrealistic at this juncture, they do provide goals to work towards which may
someday be realized with a viable and sustainable fishery
Measures must be taken 10 reduce bycatch to minimum levels or eliminate it
altogether. especially in cases where vulnerable Of recovering stocks are of
concern. To this end research and development in the area of gear selectivity
must continue and expand to all areas of the fishery.
Discards must be reduced 10 a minimum. If bycatch makes up part of the
catch it should be landed and utilized, regardless of its value
Further studies must be conducted on the short- and long-term effects of
seabed contact by fishing gear.
Research should be augmented to investigate new ways to fish near the
seabed without actually contacting the bottom. Lighter trawl doors, semi-
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pelagic doors. paravanes and groundrope arrangements are just a few of
many technologies that are being investigated, and this work must continue.
Workshops such as the 1999 Fishing Industry Workshop on MinimiZing Sea
Bottom Impacts of Trawling Gear should be held on a regular basis at
frequent intervals. Such workshops provide valuable opportunities for the
exchange of ideas among various representatives of the fishing industry and
can accelerate progress in conservation technology developments.
The Department of Fisheries and Oceans. as well as industry and research
institutes. should consider establishing an extensive lost gear retrieval
program to rid Atlantic Canadian waters of much of the ghost fishing gear that
continues to fish depleted and recovering fish stocks. Such a program would.
at the same time. provide employment for fishers still seeking work after
displacement due to the cod moratorium and other fishery closures.
Acoustic locator devices should be mandatory on aU fishing gear to improve
the success of recovery if the gear is lost. There should also be a policy in
place requiring that all fixed gear (e.g. gillnets. crab pots) be constructed of
biodegradable material. 10 prevent the continuing fishing cycle if the gear is
lost and unable to be located. The implementation of these policies will
eliminate the need for expensive recovery programs.
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Galvanic time-release devices should be mandatory on shellfish pots in
Atlantic Canada, particularly in crab fisheries. This will allow the escape of
crabs should they be caught in lost pots.
Fish harvesters and gear technologists need to interact with those concerned
with the environment to reach agreements on what the current priorities are
and what needs to be developed so that harvesting can take place in a
sustainable and environmentally friendly manner while allowing commercial
productivity levels to be maintained or improved.
Recognition and rewards for conservation harvesting initiatives should be in
place as incentives for the development of new fishing gear and technologies.
and the prevention of fishing activities that are damaging to the marine
envirooment. This would encourage solutions 10 many of the problems
associated with the effects of fishing. Such rewards should also be well
publicized in the media to convey to the public that improvements are being
made in the fishery. Representatives of the media should be invited to
discuss and examine successful developments that have laken place in
conservation harvesting, as well as to see where there are problems for which
there are yet no solutions.
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Harsh penalties should be in place and enforced for those who disregard
regulations pertaining to conservation harvesting. These penalties should
range from fines, to jail time. to loss of fishing rights, depending on the
severity if the offense.
New developments that improve harvesting operations and are regarded as
being environmentally friendly should be made known to the media and
publicized so that it be known that Atlantic Canadians are working to protect
the marine environment and fish stocks. This will help 10 portray a more
positive image of the Atlantic Canadian fishing industry than has been
characterized in the past.
Public concems surrounding fishing effects on the marine environment should
be addressed through public meetings or some other similar forum and
discussed with members of the fishing industry. Transparency in the dectsion-
making process will allow public concerns to be taken into account in the
development of new fishing technology aimed at conservation.
The education of the public on fisheries maners must be improved to ensure
that they receive aU infonnation pertaining to the issues rather than the biased
information often found in various media sources,
10)
Representatives of the fishing industry in Atlantic Canada should consider
working towards receiving MSC certification to increase demand and value of
seafood products from Atlantic Canada. This would improve profits for all
sectors of the fishing industry. It is essential Ihat the process be started
immediately so that the Atlantic Canadian fishery will be prepared to meet the
demands required for eco·labeling in the near future. TAVEL Certification Inc.
based in Halifax. Nova Scotia is a certification company approved by the
MSC and is readily available 10 work towards MSC certification of fisheries in
Atlantic Canadian. This should be observed as an opportunity by the fishing
industry to show its progress in the fishery and improve demand for Atlantic
Canadian seafood products.
l().l
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